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BACKGROUND INFORMATION
The municipal separate storm sewer system (M84) is tfxe system of é@j}vgyances (ie.:
sidewalks, roads with drainage systems, mméwy__stt'eet"s,\g:urbs, gutteré,ia@tf’ﬁes, man-
made channels and storm drains) owned and operaied by;the.City, which is designed or
used for collecting or conveying storm water. An 1Hie#

@i discharge is any discharge into
the MS4 which is not composed entirgly of storm Wéfe;{excluding discharges allowed
under a NPDES or TPDES permit). .. .

The primary harm associated with illiok d1sc‘_\ gés.is that they cause serious water
quality problems. One court has noted Hhatsstorm wafér runoff is one of the most
significant sources of waterpqtiution in the'gation, at times comparable to, if not greater
than contamination fiem industral and sewag‘;*,;;\sourccs.“1

The intent of the propibsa:ij ord%m&e is two-$old. Primarily the intent is to protect the
health, safety andowelfare of the citizéns & Killeen by preserving and improving water
quality,_‘sféébﬁaahﬂ'yg,}ﬁg intent of the ordinance is to comply with the City’s TCEQ
issuedMS4 permit, L i

DISCUSSIQN/CONCLUSION

In 1977, Congress, amended the Federal Water Pollution Control Act of 1972. As
amended, this act begasiic known as the Clean Water Act (CWA). The CWA established
the basic structure far regulating the discharges of pollutants into waters of the United
States. Section 402 of the CWA created the National Discharge Pollutant Elimination
System (NFDES). This system requires that all dischargers procure a permit from the
Environmental Protection Agency (EPA) or from an authorized state. In 1998, the State
of Texas was authorized by the EPA to administer and enforce the NPDES program to
regulate discharges of pollutants into the waters in the state. Texas implemented this

! Phase IT Compliance & Mlicit Discharge Ordinances, Corson-Knowles, Benjamin, University of Georgia
(2005) quoting Environmental Def. Ctr., Inc. v. E.P.A., 344 F.3d 832, 840 (9™ Cir.2003).



authority under various statutes and, specifically, the Texas Water Code (TWC) § 26.121
mandates that no person shall discharge waste into or adjacent to any water in the state
which in itself or in conjunction with any other discharge or activity causes, continues to
cause, or will cause pollution of any of the water in the state. The TWC directs the TCEQ
to enforce the provisions of the TWC and, as directed, the TCEQ -operates the Texas
Discharge Pollutant Elimination System (TPDES) under the regulations found in 30
Texas Administrative Code § 205. The City of Killeen is currently operating under
TPDES General Permit No. TXR040000 (MS4 Permit), issued by TCEQ pursuant to
TWC § 26.040, which allows the City to discharge storm water into the waters in the
State provided that the discharges comply with the terms of the permit.

As required by the TCEQ and in conjunction with the requigginents of the MS4 Permit,
the City is required to implement its Phase II program ovep the gaurse of five years from
the issuance date. As part of this implementation, the Cits must a&t a post construction
ordinance to mitigate surface runoff volumes and themntroduction 'B'i:po_:tential pollutants
into the MS4. ‘ ‘

The management of storm water runoff from sitey afier theconstruction phase is vital to
controlling the impacts of development on urbsgi#ater quality. The increase in
impervious surfaces such as rooftops, roads, parkin‘gu-f__ﬁits, and sidewalks due to land
development can have a detrimental efféet on aquatic syStgms. Runoff from impervious
areas can also contain a variety of poNefaius that are deffimicntal to water quality,
including sediment, nutrients, paﬂiogeniézhacfél?a@;ﬁmdp_etro}smh hydrocarbons.

As a result, the purposeiof the: Post Constrgiction Storgr Water Control Ordinance is to
safeguard persons, pstect propesty, prevent damage to the environment, and to facilitate
the City's compliafice with Stafe and Federal‘water quality regulations. This ordinance
seeks to meet this objective, and gehicve the stated purpose through the realization of the

following gengrakbenchmacks:.

{a) Mitigate 1mses mm water runoff from land disturbing activities to
¢ deduce floodifg, siltation; and stream bank erosion, and maintain the integrity
and functionalify of watercourses;

(b) Mnﬂm&p incrg&‘és in nonpoint source pollution caused by storm water runoff

from lind: disturbing activities that would otherwise degrade local water
quality; "

(¢) Manage surface water runoff from land disturbing activities to limit increases
in flow and preserve pre-land disturbance hydrologic conditions to the
maximum extent practicable; and

(d) Reduce storm water runoff rates and volumes, soil erosion and nonpoint
source pollution, wherever possible, through storm water management
controls and monitoring to verify that these management controls are properly
maintained and continue to minimize threats to public safety and welfare.
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The ordinance provides a variety of mechanisms to ensure enforcement of the provisions
including the ability to issue a variety of notices and orders, abate nuisances and to assess
civil and/or criminal penalties to dischargers that do not comply.

This ordinance was discussed and considered most recently at the June 27, 2012
community stakeholders’ group formed for the purpose of implementing various
ordinances required under the City’s Phase II permit program. The stakeholder group
previously met on seven separate occasions to discuss various types of implementation
measures and the general purpose of a post construction storm waler control ordinance.

In sum, the attached proposed ordinance addresses the a‘aqmrements of the State’s
mandate, EPA’S mandate, and addresses input provided.by Staff, and the Stakeholder’s
committee. < '

FISCAL IMPACT
There is no additional fiscal year 2011-2013 impa¥, for toithe City associated with this
ordinance. W - {

RECOMMENDATION Y.

oty e

Recommend that the City Council a&éﬁa}: themdments’to Chapter 32 Municipal
Drainage Utility System ordinance and the Draifrage Besigp’Manual.

Attachment; 1) Pmpmd Ordn:mc %
2) Propeasex __Amen@%qnts to the DDM.:.

b
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ORDINANCE NO. 12-

AN ORDINANCE AMENDING CHAPTER 32 OF THE CODE OF ORDINANCES
OF THE CITY OF KILLEEN, TEXAS, MUNICIPAL DRAINAGE UTILITY
SYSTEM, BY ADOPTING AN ARTICLE ENTITLED POST CONSTRUCTION
STORM WATER CONTROL ORDINANCE; AMENDING CHAPTER 2,
ARTICLE 1V, SECTION 2-150 "FEES" TO RECOVER ADDITIONAL
ADMINISTRATIVE COSTS; AMENDING CHAPTERS 26 AND 32 OF THE
CODE OF ORDINANCES FOR CONSISTENCY AND AS A HOUSEKEEPING
MEASURE; PROVIDING FOR THE REPEAL OF CONFLICTING
PROVISIONS; PROVIDING A SAVINGS GLAUSE; PROVIDING A
SEVERABILITY CLAUSE; PROVIDING A - PENALTY CLAUSE; AND
PROVIDING FOR PUBLICATION AND AN EWVE DATE.

A & s*'f&,
WHEREAS, the City of KJIleen, Texas is a homeamie c1ty acting under its
charter adopted by the electorate pu:suagt _to Article XI, Se:*mon 5 of the Texas

Constitution and Chapter 9 of the Local Government Cgae -and,

the apphcatlon and enforcement of
: 1‘k T4y
mumclpal drainage utility system reguIaﬁgh.s to be neeessary for the preservatlon and

laws; anﬁ,--,;};-&;:!;:;

S, d
G

WHEREAS the Texas Locai fiovermnent Code, chapter 551 authorizes the City of

'-'s!

Killeen to regulate, protect ami contrel'the pollution of streams, drains and watersheds

with aﬁp}xcable State a,nd Fed'er i

under the City’ s ]ﬂﬂsdlctlon ﬁud the Texas Water Code authorizes the City to establish a
water pollution contrél"a:ndabatement program; and,

WHEREAS, in 19’7'.1' the United States Congress amended the Federal Water
Pollution Control Act of 1972, commonly known as the Clean Water Act (CWA), and
Section 402 of the CWA established the National Pollutant Discharge Elimination
System (NPDES). The purpose behind the NPDES program being to protect and preserve
the water resources in the United States by regulating discharges into the same; and,

WHEREAS, in 1998 the State of Texas was authorized by the United States

Environmental Protection Agency to administer and enforce the NPDES program to
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regulate the discharge of pollutants into the waters in the State. The State legislature;
through chapter 26 of the Texas Water Code directed the Texas Commission e_il
Environmental Quality (TCEQ) to develop and enforce the Texas Pollutant Dischargs
Elimination System (TPDES) in accordance with the Texas Water Code and the CW‘k'?“

and,
WHEREAS, the TCEQ has established regulations under 30 Texas Administratﬁé

Code § 205 requiring the City of Killeen to operate the City’s municipal separate stﬂma
sewer system (MS4) in accordance with TPDES Genera}l Pﬁrrmt No. TXR040000 (MS4‘

Permit); and,

SECTION 1. That Chapi& ‘?Z, ZArticle IV:,,*&f the City of Killeen Code of
Ordinances is hereby adopted to read'; s foﬂ@@& :

ARTICLE IV. <P
ORDINANCE

managemm requlrcmeﬁﬁ,& and cagmols to protect and safeguard the general health,
safety, and" Walfarc of the pu?ﬂlc Th?siamcle seeks to meet this objective and achieve the
stated purpose thmugh the reglizatlon of the following general benchmarks:

reases M storm water runoff from land disturbing activities to
£ ﬁltaﬁon, and stream bank erosion, and maintain the integrity
and funct:lonahty of watercourses;

(b) Minimize increases in nonpoint source pollution caused by storm water runoff
from land disturbing activities that would otherwise degrade local water
quality;

(c) Manage surface water runoff from land disturbing activities to limit increases

in flow and preserve pre-land disturbance hydrologic conditions to the
maximum extent practicable; and
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(d} Reduce storm water runoff rates and volumes, soil erosion and nonpoint
source pollution, wherever possible, through storm water management
controls and monitoring to verify that these management controls are properly
maintained and continue to minimize threats to public safety and welfare.

Sec. 32-44. Applicability.

This article shall be applicable to all landowners, applicants, and/or agents of the same
conducting land disturbing activity disturbing one (1) acre or more of land, land
disturbing activities disturbing areas that are smaller than one (1) acre if the land is part
of a larger common plan of development, and any land disturbing activities conducted
within or adjacent to a Creek Buffer Zone (CBZ) as defiied herein and the city's adopted
Drainage Design Manual (DDM), which is incorporatétinto this article for all intents and

purposes. £

e g

Sec. 32-45. Performance Standards. Exer(njé;oﬁs

o
To minimize the adverse impacts from é‘i@m water rupoff and tove;
of this article, the city has developed this articl§:and thé:applicable seetioms of the DDM
to provide a set of minimum ggformance standiffds"that shall be rmet for all land
disturbing activity to which this @figig‘applies. Thesllowing activities may be exempt
from these storm water performance&tandeges: e,
W, 0= b

:cff}

1. Additions og mogifications

t@\:.‘}- X1St L)

3. Activities e}igtnpte

«disturbance permit process under section

R

sia

Sec. 32-46 Compatibility with other law.

Ry N

This arffalgf‘is not intendgd to interfire with, abrogate, or annul any other ordinance,
rule or regula:t;iOn, statute, @z other provision of federal, state or local law. The
requirements of this article shtsld be considered minimum requirements, and where any
provision of this artigle impeses restrictions incompatible with those imposed by any
other ordinance, rule or tegulation, or other provision of law, whichever provision is
more restrictive or imposes higher protective standards for human health or the

environment shall take precedence.
Sec. 32-47. Definitions.

Unless a provision explicitly states otherwise, the following terms and phrases, as used
in this article, shall have the meanings hereinafter designated. Additionally, all references

to any Federal or State regulation or act shall refer to the current regulation or act and any
amendments thereto after the effective date of this ordinance. Terms not defined in the
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article shall be as defined in article II and article III of this chapter, unless the context
clearly indicates otherwise.

Applicant shall mean a property owner or agent of a property owner who has filed a
storm water management site plan,

Creek Buffer Zone (CBZ) shall mean a setback established for all property located on
or adjacent to a natural, vegetated, earthen or grass lined watercourse in which land
disturbance may be restricted due to a stream bank erosion hazard. Any land disturbing
activity in a CBZ shall comply with the Drainage Design Manual (DDM), Chapter 10
“Post-Construction Storm Water Best Management Practlccs ” Delineation methods for
CBZs are defined in the city’s DDM, -

Detention shall mean the temporary storage; '{&f 4 sfﬁfm runoff in a storm water
management facility with the goals of contlpﬂang peak Mharge rates and providing
gravity settling of pollutants. 2

Impervious cover shall mean those surfa 3§ that do not allow th gffectlve infiltration
of rainfall or storm water runoff into the gmﬂn (ﬁ.-gz,t”buﬂdmg rbé)ﬁops pavement,
sidewalks, driveways, etc.). = i

Land disturbing activity shall ’133 t1v1ty rm{}udmg, without limitation, the
clearing, grading, filling, gmbbing,'e’iﬁ:raplﬁ'g; ﬁxgdgmg*,ﬁmnmg, paving, excavating,
drilling or movement:af Jand, or the: & nstrydtidiy of anyibuilding or structure, the
stockpiling of soil vt material,’the baring pf§6il or réélg sthe diversion or piping of any
natural or man-made ‘watercoutge, or any'gihier activity ‘that will or may result in soil
erosion ﬁ'om water or wmd thc'tmvement of?sohd materials into waters or onto adjacent

lands, or that-chianges the"fiv ke “‘r»iiéak ﬂow@;scharge rate of storm water runoff from

Landmmer shall mean"th_c legal‘lm bcneﬁclal owner of land, including those holdmg
the right to‘pirchase or lease*thc land, sfor any other person holding proprietary rights in
the land.

Maintenance easemgnt ,yenant and agreement shall mean a legally-binding and
recorded document tH act‘s as a real property easement, covenant and restriction
providing for the perpetual existence and maintenance of storm water management
facilities and practices.

Off-site facility shall mean a storm water management facility located outside the
subject property boundary depicted in the applicable SWSMP.

On-site facility shall mean a storm water management facility located within the
subject property boundary depicted in the applicable SWSMP.
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Potential storm water pollutants shall mean storm water pollutants that may be
introduced to the city's MS4 and/or waters of the State or U.S. as a result of land
disturbing activity and shall include, without limitation, total suspended solids, total
dissolved solids, increased temperature, fats, oils and grease, floatables (e. g. trash,
rubbish, etc.), nutrients (e.g. nitrogen; phosphorus; etc.), bacteria (e.g. fecal coliform; e.
coli), metals, pesticides and herbicides, and sediment (due to soil erosion).

Redevelopment shall mean any construction, alteration or improvement of a site that
changes the “footprint” of a site or building to an extent that triggers this article's
applicability.

Site disturbance permit shall mean a permit 1ssge§ f;by the city to regulate land
disturbing activities to meet the objectives of articles i, HI and IV of this chapter. A site
disturbance permit shall be deemed to be the sa:;i&igs &hnd disturbance permit issued
under section 26-80 of this code, provided thaat,, “e‘ requlremmus of these various articles
are met. ‘

Storm water management shall mean the: uge of structural or no I<structural practices
and BMPs that are designed to reduce storny wate Seiiiaig poIlutant Inads, discharge
volumes, peak flow discharge rafes:and detnme‘f}'i;a& ﬁﬁnges in stream’ femperature that
affect water quality and habitat. :

Storm water management faczhty S@aﬂ meﬁii,-@y facﬂ“l’t-y that is built to control storm
water runoff in orderml__-_, mply with the, BMPs_ana teéqu ir emesits established herein,
Trias ‘u,;i;%i

as part of the Storm Water PoHut;an Preventl@flm (SWPPP) for a site that describes all
structural .gfid: m:mstructumf | pos e%’ﬁgf;mpnon —B;MPS to be utilized to comply with this

article, . ﬁe"SWME’ shall e submltt; _lth‘tﬁe site disturbance permit in instances
where: WPPP is not+ mquxredﬁmder this code.

ﬁtm

T

Stmctural L‘@ntral (or prag:atzce) shali imean a pollution prevention practice that requlrcs
the construction of a device,®r the use of a device, to capture or prevent pollution in
storm water runoft_,,.

Sec. 32-48. Storm wa ga_n_gnégement site plan.
(@) A storm water management site plan (SWMSP) is required for all land
disturbing activities to which this article applies.

(b) No application for a site disturbance permit shall be approved unless a SWMSP
is submitted therewith detailing how runoff and associated water quality
impacts resultmg from the land disturbing activity will be controlled or
managed in compliance with the requirements of this article. If a storm water
pollution prevention plan (SWPPP) or erosion and sediment control plan is
required for the site, the SWMSP shall be included as a component of the
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SWPPP.

(¢) For land disturbing activities located within a CBZ that disturb less than one (1)
acre of land, where a SWPPP is not required, the SWMSP shall be submitted as
a separate document to the director for review and approval prior to the
commencement of any land disturbing activity.

(d) The SWMSP shall meet the submittal requirements outlined in the submittal
checklist found in section 32-49 (b) of this article, be prepared by a certified
professional and shall indicate whether storm water will be managed on-site or
off-site. The plan shall include the specific locatlon and type of practices in
order to receive consideration for BMP credit fevided in this article.

(e) The SWMSP shall be developed and coqrﬁ”tﬂa eﬁwﬂh the drainage construction
design and may be shown on the samg pIan sheet; if applicable. It shall also be
coordinated with the landscaping cgﬁstmcuon dcmgn 10 prevent conflicts and
assure compatible land use, if laquﬁaplng is a selected &@d approvcd BMP.

(f) A site disturbance permit shall not beéssued
and released by the dlre,éﬁar after deterrﬁﬁi“ ﬂlat the plan is con&istcnt with the
requirements of this artlcla. N

el -- perrmt applications and shall
include sufﬁfﬁicnt mfaﬁmatlon to? ngluate the enivironmental characteristics of
the site, the phtentlal %agtg of alfpzoposed land disturbing activity of the site
‘g;; tﬁé& aﬂiected vﬁatéfi’éseﬁt% both %t;sent and future, and the effectiveness
ceptghility ofthe measures: };{peposad for managing storm water generated
t the site. This mforumnon is reqlifred to enable the director to determine the
tgzpe of storm water managsment measures necessary for the proposed project,
ané:to ensure ade&ﬂate planning for management of storm water runoff from
futura Ignd dlsturbn';g. act:lvmes
5 o

(b) The follownig mfem!atlon in addition to the information required by Chapter
10, “Post-Constrﬂntion Storm Water Best Management Practices,” and other

applicable sectiofis of the DDM shall be included in the SWMSP:

(1) Plan. A map (or maps) depicting the site layout plan that indicates:

(A) The location of proposed structural and non-structural storm water
management facilities;

(B) The drainage patterns and drainage areas that drain to each storm water
management facility or BMP;
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(C) The limits of land disturbing activities and any natural areas that are
proposed to be preserved;

(D) The percentage of the total disturbed area that drains to one or more
storm water BMPs and the limits of CBZs, if applicable; and

(E) For BMP credits related to site design BMPs, the map(s) shall show
special flood hazard areas, natural features, sensitive areas or erodible
soils, as applicable, to demonstrate compliance with the DDM.

(2) Engineer Analysis. An engineering analysis.is required to show that the
proposed storm water management mcgsuﬁés are capable of controlling
runoff from the site in compliance with-this article, the specifications
included within the DDM, and other,aﬁ:ﬁca&%provmons of this chapter.

(3) Inventory. A written or graphig #¥véntory, as de‘sgnbed in the DDM, of the
natural resources existing atilﬁ site and surroun(ﬁng -area (a minimum of
500 feet from the propelty\geﬂme) pnor to the" gmposcd or actual
commencement of land disturbipg, ac_t,m;’iés and a desenptlon of the
applicable watershﬁ-ﬁad its relatmﬁ el Be site. This deseription should
include a d1scussron -g?‘s@g condmons, F0;

areas
n:}
iy and‘g}annmg of all storm water
d‘é@cd maintenance and repair
co‘@émed functionality. This plan shall identify
'. 1 water management facility that need to
: i2 skills or training necessary. Provisions
J " cv1ew“zg§_ evaluation of the effectiveness of the
mamtenaﬂgg program and the ied for revisions or additional maintenance
;.procedures, ﬂ:h.lch m@gta]l specifications found in the DDM shall also be

ent covenant and agreement ("agreement"). Except for
CBZs the apgii@nt shall ensure that all proposed BMPs are perpetually
mamtame&, i’%&,such the applicant shall reserve or secure perpetual access
and maintenance easements to all storm water BMPs at the site for the
purpose of inspection, repair and perpetual maintenance. The landowner
may assign the respective maintenance and repair obligations to a Home
Owners Association, upon formal written consent of the same, or retain the
same. The agreements shall be presented to the City in draft form as a part
of the SWMSP. Following completion and release of all initially required
actions contemplated by the SWMSP, the applicable agreements shall be
recorded with the SWMSP in the real property records of Bell County at the
applicant's expense. The agreement shall also conform to the following;
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(A) The agreement shall contain affirmative language, in the nature
of a covenant running with the land, obligating the landowner,
his successors, heirs and assigns, to perpetually preserve, protect
and maintain the storm water BMPs and otherwise comply with
this article;

(B) The agreement shall identify the city as co-grantee for access
and inspection purposes and as a beneficiary to said agreement's
obligations;

(C) The agreement shall include any.and all maintenance easements
required to access and mspe@?ﬁhe storm water management
facilities, and to perform reiftit maintenance as mecessary to
ensure the perpetual .-fisf 'I@mhty of the storm water

management facﬂlty in a¢cordan% with this article and the

‘ ’“'fac1l1ty is mam’taincd in proper
SEm “design standards and any other
provisions aﬁaﬁﬁsﬁeﬂby this a&i&nlc,

t§:, The agreement shall also include a

; : periodic inspections to ensure proper
fon nce of: ﬁ& fadility between scheduled maintenance,

\,_Mamtemﬁcc and i“ffspectlon schedules shall conform to the
BDM an&pactmn 32-59 of this article; and

. i %
(B Thc ,ggreemcnt shall provide a provision authorizing the city,
upoﬁ written notification thereof, to increase the inspection and
i maiﬁtenance requirements as deemed reasonably necessary to
“‘gngure proper functioning of the storm water management

f’acﬂlty

(6) Maintenance by city. In its sole discretion, upon written request of the
applicant accompanying the SWMSP, the director may agree in writing,
under terms the director may deem necessary and beneficial, to accept and
maintain easements containing a site’s storm water management facility as a
publicly-dedicated improvement following completion of BMP construction
and stabilization, if a public benefit to said acceptance is proposed by the
applicant and validated by the director. This agreement may be tentatively
reached as a substitute for the maintenance easement, covenant and
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agreement required above. However, this provision shall not be construed as
a guarantee of the city’s final acceptance of any BMP as a public
improvement that does not comply with the terms of any such agreement or
this article.

(7) A concept plan is required to evaluate the maximum development potential
of a site and adjacent properties under current common ownership and its
affect on the objectives of this article under existing zoning, regardless of
whether the applicant presently intends to develop the site to its maximum
potential.

(c) For land disturbing activity proposed on a rcr:lgiﬁé%ri)mcnt site, an applicant shall
be required to include within the SWMSP anefasures for controlling existing
storm water runoff discharges from the giﬁ_a”iﬁ*aeegrdance with the standards of
this article, to the maximum extent pragticable. %

S
=

TR ki
Sec. 32-50. Required permanent BMPs. ”’-"E*u\ T,
To preserve the existing natéfgk.resources i’m ity and to promete sustainable
development, demonstration of c hoe with thédfbllowing permanent BMPs, where

applicable, are required in the S ofﬁtﬂlgnd dlstLﬁ'laiyg activities.

-

o A :-',‘3‘\
(a) Site Layout CompliancediAs indi

o (LN

o above;gach SWMSP shall depict
the site;ldybut as"wall as the<glagolifént ofdle, selected BMPs. Compliance
with a ﬁf@;%g_sed sitélayout a@fﬁWMSP is"a condition precedent to the
issuance of'‘a. written: acceptanceipf infrastructure, certificate of occupancy,

Wfﬂ'bulldmg‘@; Wi, 44 15 licable.

S o it - "7 gl dion g
‘ Wk, vag, AGE. W

TS i

ih fher Z’Gﬁ%‘:_&CBZ) AW sites located on or adjacent to a natural,
. ¥egetated, earthen or grﬁg lined watercourse are hereby deemed to be wholly

ot partially withip a CBZ: When a site is located within or is directly
con@gcﬁted to a C&Zﬁ the developer, builder or landowner, as applicable, shall
comply._with thdi-iechniques found in the DDM, Chapter 10, ‘“Post-
Constructieh, Steeat’ Water Best Management Practices,” while disturbing a

CBZ site. ~

(c) Water Quality Standards. Each SWMSP is required to address
compliance with the minimum water quality standards as defined in Chapter
32, Article II of this code.

Sec. 32-51. Additional BMP Credit Point Requirements.

In addition to the required BMPs, listed in Section 32-50 above, the following number
of BMP credit points are required based on the size of the project and development type:
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Table 1: Additional BMP Credit Point Requirements.

Non-Residential

Number of additional BMP
Credits required

1 acre< Disturbed Area <5 acres

5 acres < Disturbed Area <10 acres

10 acres< Disturbed Area < 20 acres

Ja W R

> 20 acres

Residential

1 acre < Disturbed Area <5 acres

5 acres < Disturbed Area <20 acres

> 20 acres

ter 19, “Post-
of the DDM.

h @.,’ (d) Effectlvem‘éss of the ‘BMP on minimizing the release of potential pollutants
“ffom the land dtsﬁn.rbmg‘a@mty,
(¢) Natural resoutoes on thés1te, and
® G‘tm:ﬁguratlon uﬁ

sy
Etias

Sec. 32-53. Additionit!

The following items are acccptable permanent post- ~construction storm water BMPs to
be utilized when meeting the requirements of Table 1: additional BMP credit
requirements in Section 32-51, if appropriate and based on the size of the land disturbing
activity, and if implemented and/or constructed in compliance with the applicable designs
provided in Chapter 10, “Post-Construction Storm Water Best Management Practices" of

the DDM:

(a) Preserve Special Flood Hazard Areas (Riparian Buffer);
(b) Protection of Natural Features;
(c) Dedication and acceptance of Linear Parks;

10
Draft — For review



(d) Reduce Limits of Clearing and Grading;

(e} Open Space Design / Cluster Development;

() Minimize Directly Connected Impervious Area;

(g) Locate Development in Less Sensitive Areas;

(h) Minimize Siting on Erodible Soils;

(i) Dedication and Acceptance of Conservation Easements:
(3} Urban Forestry;

(k) Xeriscaping;

(1) Parking Lot / Storm Water Islands;
(m)Porous Concrete / Asphalt;

(n) Modular Porous Pavement System;
(o) Bioretention (Rain Garden);
(p) Dry Extended Detention Basin;
(q) Stream Restoration;
(r) Storm Water Wetland;
(s) Vegctated Swales;

(u) Enhanccd Swales;
(v) Wet Pond; and

of a SWMSP, provideds
provided.

All property 100&\?@&1 on or gﬁgacent to:- Hatural, vegetated earthen or grass lined
watercourse is hcreby*daemed be whof% or partially within a CBZ and shall be
delineated-@uig therwisé: Sotaply- w ;. the regylrements and standards of the DDM,
18, 7*Post: Cﬂnstructf@g;;Storm ‘#gi Best Management Practices.”

Sec. 32-5&, Des1gnat10n ﬂ%mrem@gs
i ‘t;'ﬂa —%c‘;“!
(a) All pla:ts plans, pergmt applications and SWMSPs shall clearly show the limits
of CBZs: Bascd on Cﬂ‘terla in the DDM, Chapter 10, “Post-Construction Storm
Water Best' Managéjg’ent Practices.”

(b) The limits shall 'be mdlcatcd by dashed lines and labeled “Creek Buffer Zone.”

(c) CBZ designation may be combined with other lines in cases where CBZ lines
coincide with regulatory floodplain limits or publicly dedicated easements, such
as drainage easements, provided that dual labeling is utilized.

(d) CBZ requirements shall not apply to watercourses that have been engineered to
convey a one-percent (1%) chance storm (100-year frequency storm) and to
withstand erosive forces and that have been adequately stabilized by man-made
construction materials such as concrete rip-rap, gabions and concrete retaining
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walls. Wood timbers ties shall not be used and wiil not be considered to
stabilize watercourses due to their relatively short life span of service.

Sec. 32-56. Review, issuance, and appeal.

(a) The director will review each application containing a SWMSP to determine its
conformance with the provisions of this article, this chapter, and section 26-80
of this code. The review and permit issuance processes shall be as established in
section 26-80(d) and (f) of this code and the appeal process of section 26-80(g)
shall be available for the purpose indicated and according to the procedure
identified therein. In accordance with those sect»aons and to conform with this
article, in the time period provided therein thq ﬁﬁ‘”ector shall take one (1) of the
following two (2) actions: '

(1) Issue the permit application;

(2) Deny the permit apphcatloﬁ. ﬁdlcatmg the reason’(a} for non-issuance and
the procedure for submitting % % b3 v1scd apphcatlon e ,

(b) Failure of the director t’é act on an of’f’"’“ iHoT rewsed apphcatibn within the
applicable time period shiftanthorize thex@phcant to proceed in accordance
with the plans as filed u‘ﬁ:less §ﬂ§iﬂ:{tune is mnded by a mutual agreement
between the apphcant and ﬂﬁadlrecmg owevéi‘; #0 proposed dedication shall
tod unt11 fmmaally ted by~ghe City or as otherwise

: wvand approval of a revised plan,
g d to proceéd, at the director’s discretion,
Ksestablished by the City.

'Qg‘i
‘_

Storm Water managemem facﬂity mspectlons shall comply with all requirements found
within DDM, Chapter 10, ‘%ist}st Consmacnon Storm Water Best Management Practices”
and the foﬂowmg

The director reserve& ﬁ-ne uﬁh{ to make inspections of sites as hereinafter described and
yagtion of the work completed or shall notify the landowner or
agent wherein the work™ fails to comply with the SWMSP as approved. To obtain
inspections, the landowner, applicant or developer shall notify the city at least two (2)
working days before commencement or request of the following:

(1) Start of construction;

(2) Installation of post construction BMPs; and

(3) Final acceptance of public infrastructure, or prior to issnance of certificate
of occupancy dependent upon respective development stage.
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Sec. 32-58. Record drawings.

All applicants are required to submit actual “Record Drawings” for any structural
storm water BMP or storm water management facility after final construction is
completed. The drawings shall show the final design specifications for all storm water
management facilities and shall be certified by a lcensed professional engineer.
Installation records and record drawings shall be permanently retained and shall be
subject to inspection and review by the director as provided in this article.

Sec. 32-59. Minimum inspection requirements for all storm water management
facilities. ,

All storm water management facilities shall be inspes cd at least once annually, or at
the recommended frequency specified in the DDMmfﬁfj‘c agphcable SWMSP agreement
recorded under section 32-49(b) above, whmhega; 1% more mgent The inspection shali
document maintenance and repair needs and;%ure compliance with the requirements of
this provision. Repair and maintenance #¢eds may include’ % are not limited to:
removal of silt, litter and other debris accumtiiated within BMPs; réplacement of soil or
biofiltration/filtration media; replacement of'x,mpalr f@ﬁf “damaged ségions of porous
pavement or asphalt; grass cuttm&z%n\d vegetatlon g@&@al and replacemasit of landscape
vegetation. Any maintenance OF Fepiis  needs 1d€#@ed through inspection or other
means shall be performed in a timel§:na; i ot to ext#thuty (30) days' of discovery,
thy }dmedﬁ&g&i{ccommgadpd inspection schedules are

: cho Stoﬁﬁ; ‘Water Best Management

(a)A_ffha%ﬂlrectormgy ent&ﬁ;_hg pro%é"'" ﬂ,ﬂté appllcant as deemed necessary to make
rcgula‘i‘.s;&:spectlons to ‘efigure tiiempphcant s e&amphance with this article and the validity
of the reports filed under; sectlomiﬁ}g_ below. The director reserves the right to make
1nspcct10ns ﬁ}‘ﬂtes to deterﬁ;me if w’m‘k and/or maintenance provided in the SWMSP is
in conformanté :with the s@e Inspectlon programs may be established on any
reasonable basis including, \gagiout limitation, routine inspections; random inspections;
inspections based upﬁﬁ COx piints or other notice of possible violations; inspection of
drainage basins or aréss fﬁentxﬁcd as higher than typical sources of sediment or other
contaminants or po]lutan1§ inspections of businesses or industries of a type associated
with higher than usual discharges of contaminants or potential pollutants or with
discharges of a type that are more likely than the typical discharge to cause violations of
state or federal water quality standards or TPDES storm water permits; and joint
inspections with other agencies inspecting under environmental or safety laws.
Inspections may include, without limitation, the following activities: reviewing
maintenance and repair records; sampling discharges, surface water, groundwater, and
material or water in storm water management facilities; and evaluating the condition of
storm water management facilities and other storm water treatment practices.
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(b) For all privately owned and maintained storm water management facilities, the
landowner or agent shall make regular inspections of all BMPs in accordance with
Section 32-49(b)(4) and (5). The purpose of such inspections will be to determine the
overall effectiveness of the permanent BMPs and the need for additional control
measures. All inspections shall be documented in written form and kept on file for a
period of three (3) years. In addition, record drawings of the facilities' installation and
construction shall be retained permanently. Maintenance and inspection reports and
record drawings shall be provided to the director upon inspection and/or reasonable

request.

Sec. 32-61. Nuisance,

Nuisances. Any violation of this article including, without limitation, failing to comply
with the provisions of an applicable SWMSE: L Or P erly maintain storm water
management facilities is a threat to public_ heaffﬁ safetS“ and welfare and is hereby
deemed to be a nuisance. Nuisances ma@r * summarily “aﬁated or restored at the
violator’s sole expense in accordance w1t§t¥£ns article, and/or a‘edyil or criminal action
may be pursued to abate, enjoin, otherwise @ﬁmpcl the cpssauon ofmch nuisance, or to
exercise other legal remedies. e

Sec. 32-62. Enforcement.

(D Generaagt Nothlﬁg{n this see’ﬁ\hn‘%ﬁﬂ 111’fii§~ the authorlty of the city to take
any actltmzx 1nclud1ﬁgf ‘emergen . action or Emy other enforcement action,
without first. rssumg“&ny other t "@ of notice or order provided under this

- Feotion. - Compliange with Sin notlgﬁ or order issued hereunder in no way

_to relieves the, allege@:wolator"o%@abﬂlby for any violations occurring before or

after receipt of.any n@i;icc or ordeF>
*ﬁ"& :

(2) %’nmg natzce *When thelﬁty finds that any person has violated, or continues
to quate any prqm:gmn of this article, or any order issued hereunder, the city
may Serve. upon thit person a written warning notice, specifying the particular
violation® Helieved ' to have occurred and requesting that the person
immediately:¢gmply with this article or any order so issued.

e

(3) Notification of violation (NOV). When the city finds that any person has
violated, or continues to violate, any provision of this article, or any order
issued hereunder, the city may serve upon that person a written NOV. Within
ten (10) calendar days of the receipt of the NOV, the person shall submit an
explanation of the violation and a plan for the satisfactory correction and
prevention of reoccurrence thereof, to include specific required actions and
time lines for completion, to the city. If the alleged violator denies that any
violation occurred and/or contends that no corrective action is necessary, an
explanation of the basis of any such denial or contention shall be submitted to
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the city within the same time period. Receipt of the NOV is presumed to occur
five (5) calendar days following the date the NOV is mailed.

(4) Consent orders. The city may enter into comsent orders, assurances of
voluntary compliance, or other similar agreements with any person
responsible for the noncompliance with any provision in this article or any
order issued hereunder. Such agreements may include specific action to be
taken by the person to correct the noncompliance within a stated time period.
Agreements entered into under this paragraph shall be judicially enforceable.

(5) Compliance orders. When the c1ty finds tha;t. any person has violated, or
continues to violate, any provision of this ‘ftticle, or any order issued
hereunder, the city may issue an order td"iﬁ'.person directing the person to
come into compliance with this ‘%'.;'ﬁhm a specified time limit.

Compliance orders may contamagqﬁiremeﬁ't‘g #0 address the actual or

threatened violation and/or a reocégrence thereof. “Ehe compliance order may

also contain requirements di i g the person to “l%@dlate abate and/or
restore any environmental or otheadverse effects assocmmd with a particular
violation, including, but not being Imnt, 5 monitoring;-assessment, and
evaluation of the adaz&sc effects fermination of thé appropriate
remedial, abatement, "@ﬂ%} restorati “action; “confinement, removal,
cleanup, treatment, and @pés‘ﬁmf any d1§gharged or released sediment or
other matcnals preventloﬂemm' i AN, an itigation of any damage to
the publigifieg GErirhn _.entﬁ #hat may result from the
v1olat1ang' g of “Eﬁ&w operty or natural resources
Hon, A cﬁﬁance order may not extend the deadline

for any comphance e!sfabhshed bysgtate or federal requirements.

: W .;ﬁmfs that any owner or operator, or agent

thereof of‘@ sﬂ,e undﬁxvconstrucﬁﬁh or disturbance has violated, continues to

5 ¢ns to wmigte any provision of this article, or any order issued
Jha'bunder the ﬁfg&may Isage a stop work order which shall be posted at the
premises and d1stt§§mted to ail city departments and divisions whose decisions
affect * any_‘contmﬁhg construction activity at the premises. Unless express
written e‘kgépthri, y'made by the city, the stop work order shall prohibit any
further con f0n activity at the premises and shall bar any further
inspection or approval by the city associated with a building permit, grading
permit, plat approval, site disturbance permit approval, or any other city
approval necessary to commence or continue construction or fo assume
occupancy at the premises.

(7) Revocation of construction registration. When the city finds that any agent,
contractor or subcontractor, that holds a construction registration issued under
chapter 8, article III of this code of ordinances, under contract with the owner
of real property is responsible for a violation of this article, the city may
institute proceedings under chapter 8 for the suspension of the construction
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registration. The grounds of such proceeding shall be-a failure to comply with
this article and all regulatory, procedural and appeal rights of sections 8-69
through 8-72 shall be deemed to apply to the action.

(b) Nuisance abatement. The city may, in conjunction with the administrative
remedies provided in this section or as a separate action, abate a nuisance as
follows:

(1) Notice of violation: nuisance.

(A) Any owner of any lot, parcel of land, oL, prennses within the city limits
having on it a nuisance described m;thﬁ article shall be required to
remove, abate, or cure such nuisasice ‘within seven (7) calendar days
from the date of receipt of a NQ¥: ﬂg’c‘%’mﬁg the same from the director.
Receipt is presumed to occun_ﬁ,x 5) caléﬁﬂar days following the date
the NOV is mailed. = 6

, or premis@ who receives the

aho cannot rcﬂﬁ&c abate or cure

or who requires#fiditional time

.gbate or cure the nmisance may

request and, at the'darecf@ mscrenommnay be granted an extension of

tnne not to excced EMeen“’(mqgalendﬁ
.

i) regifly. mai ]ifiaddressed to the owner at the owner’s
:fac_idrcssias recordé& Pin the tax appraisal district records of the

g :glsal'éﬁtpct in whigh the property is located; or

(iii) if monal 'ﬁgy@e cannot be obtained:

a. b?@bhcat grat least once; or

b. by “gug;ung the notice on or near the front door of each building

onﬂw premises to which the violation relates; or

e, gﬁstmg the notice on a placard attached to a stake driven
iy n*me the ground on the premises to which the violation relates,

if the premises contains no buildings.

(D) A NOV issued under this subsection (b) may also be sent by letter
(regular mail) to any operator, lessee, occupant or person in control of
the property known to the director, as applicable.

(E) If the director mails a NOV to an owner in accordance with this
subsection (b), and the United States Postal Service returns the notice
as “refused” or “unclaimed,” the validity of the notice is not affected,
and the notice is considered as delivered.
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(2) City authorized to abate. If the owner fails to comply with the NOV issued
under this subsection (h), within the period prescrlbed the city may enter the
premises and remove, abate, or cure such nuisance.

(3) Lien on property. If the city abates a nuisance under this article, the owner
of such premises shall be notified by regular mail of the expenses incurred
therefrom and the administrative fee provided in paragraph (4) of this
subsection (b). If such charges are not paid within thirty (30) calendar days of
the date of such notice, the director shall cause to be filed with the county
clerk documentation of such expenses sufﬁc1enLto estabhsh a lien against the
premises on which the nuisance was abated.

(4) Remedies, expenses, and citation. oWHgh who violates this article shall
be subject to abatement restltuuon,gcnﬁl ﬁne(@i‘@;r both, or any other relief
provided by law. A person who,ﬁ@s to abate suc&,ﬁulsance within the time
provided shall be required to pay*#h administrative fee: Qf one hundred dollars
($100.00) in addition to the Exﬁuses mcg:red by ths »:Clty to abate the

i
nuisance. ) s

“ arnclggﬁkwg.ty ma;c petition the Bell County
d1str1ct equm for mEnctive rﬁgﬁWm‘ cﬁ&tg@enaltles not to exceed $5,000

per day.” @;ate law ‘”r’ékrence s Local Government Code §§ 54.012 and
54.017.) 'i;\;* ). 42N

A ar, showmg'«gf subs'tanual danger of injury or an adverse
5% health 1mpaet {0 any@s;son or to-the property of any person other than the
. owner or opemtm' the’ éigy may obtain a temporary or permanent injunction,
a8 appropnate agaanst the't@vner or the operator of a premises that:

(A) pr@h&blts spe ?" conduct that violates this article; and

(B) requires: ic conduct that is necessary for compliance with any
provision of this article. (State law reference: Texas Local Government
Code § 54.016.)

(3) Criminal penalties.

(A) Penalty. A person who violates, or causes or permits the violation of, any
provision of this article, mcludmg knowingly making any false statement,
representation, or certification in any application, record, report, plan,
petition, appeal or other documentation filed, or required to be maintained,
pursuant to this article, or any order issued hereunder commits a Class C
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misdemeanor which shall be punishable under section 1-8 of this code. A
fine not exceeding two thousand dollars ($2,000.00) may be imposed for
violation of the provisions of this article that govern fire safety or public
health and sanitation. With respect to violations of this code that are
continuous with respect to time, each day the violation continues is a
separate offense. Proof of a culpable mental state, unless otherwise stated
in this article or required by law, is not required for conviction of an
offense under this article.

(B) Considerations. In determining the amount of any fine imposed hereunder,
the court shall take into account all relevang.circumstances, including, but
not limited to, the extent of harm caused®§-the violation, the magnitude
and duration of the violation, any ec ¢ benefit gained through the
violation, corrective actions by the¢ "I’at&p; the compliance history of the
violator, the violator’s knowled& itttent anﬂimi ncghgencc, and any other
factor as justice requires, g

A,

x :mty may h:me under state or
qlty code p" Vi fai is, including other civil actions
e Water co&éh’alhe city may take any, all, or any
combination of thesézﬂt:tl(ﬂﬁﬂgamst a Vi"ﬁ?&ator The city is empowered to
takc more. than one egﬁgrcemaéf t10n aﬁ-mst any violator and these

W
'L‘

ed, to read{a;,s follows:

??

Tk

sk seofe ek

(8) Land disﬂgrbam,penmt application
a. one (H, fmfen (10) acres - {sixty-doflars)-$60.00 (one hundred dollars)
$100.00

b. over ten (10) to fifty (50) acres — eighty-deHars)-$80:00

(one hundred and twenty dollars) $120.00

c. over fifty (50) acres and above — (one-hundred-dolars)-$100.00
one hundred and forty dollars) $140.00

s ok sk ok ook
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SECTION II. That Chapter 26, Articles I and II, Sections 26-2 and 26-51,
respectively, of the City of Killeen Code of Ordinances are hereby amended to read as

follows:
Sec. 26-2. Definitions.

Sk

_natural or man-made
g - \os1on from water or

N m?#

Sec. 26-51. Form, contents smd rew_docummnon.

\14h.

(e) The engmeerﬁ;g,aplans sh@ibe in coﬁ':L ce w1th“m current adopted construction
standards of the c:1ty angithe dranﬁge de31g @anual and shall consist of the following:

*aﬁ;a

g . fure desfﬁﬁ% analysis of as-is and full development
ccggmlons, analyszisof all stéim water conveyance systems, FEMA ﬂoodplam and
ﬂoom boundanea fif applféﬁble) Creek Buffer Zone(s) (CBZ) in accordance
with séetion 32-55 of this code of ordinances, letter(s) of release from property
OWIners afﬁgeted by dﬁﬁrsmn of water (except for watercourse(s) designated on
current city: %opqé‘aﬁhy maps), drainage construction and maintenance
agreements (if applicgble); and

LS 2 E

SECTION IIL. That Chapter 32, Article II, Section 32-36 of the City of Killeen
Code of Ordinances is hereby amended to read as follows:
Sec. 32-36. Definitions.

Healoksekek
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Disturb (or any derivative of the word disturb) when relating to the alteration of

improved or unimproved land shall mean any activity including. without limitation, the

clearin ading. fillin bbing, scraping. dredging. minin aving, excavatin

__g,_gr_g,_g,_gri___g,_p__g,_g__g,__g,_u—&
drilling or movement of land, or the construction of any building or structure, the

stockpiling of soil or materials, the baring of soil or rock, the diversion or piping of an

natural or man-made watercourse, or any other activity that will or may result in_soil

erosion from water or wind. the movement of solid materials into waters or onto adjacent

lands, or that changes the volume or Deak ﬂow dlschargc rate of storm water runoff from
the land surface e th ’ .

LUEDA shallib “ﬂeemed to be‘ ﬂi@ Kame as a land
disturbance permit issued und% , < ?f this code, provided that the
requirements of this these various afficles ‘

SECTION VI. That the Code of Ordinances of the City of Killeen, Texas, as

amended, shall remain in full force and effect, save and except as amended by this

ordinance.

SECTION VIL. That this ordinance shall be effective after its passage and

publication according to law.
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PASSED AND APPROVED at a regular meeting of the City Council of the City
of Killeen, Texas, this day of , 2012, at which

meeting a quorum was present, held in accordance with the provisions of V.T.C.A.,

Government Code, §551.001 et seq.

Daniel A. Corla, MAYOR

o

ATTEST: ey CUAPPROVED AS TORQORM:
¥ xﬁ’l‘_ _ﬁs;' &

2

SBGRETARY ™.

k ,
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10.0 POST-CONSTRUCTION BEST MANAGEMENT PRACTICES

10.1 GENERAL

The purpose of this section is to provide guidance on Post-Construction Best Management Practices
(BMPs) in order to minimize the adverse effects of frem—urban development and to meet post-

construction storm water requirements set forth in the City of Killeen’s Municipal Separate Storm Sewer
System (MS4) Phase II Permit (TXR040010) and the City of Kilieen Code of Ordinance (Chapter 32,
Article IV). The post-construction Best-Menagement-Practices{BMPs} included in Appendix C provide
several methods to meet the requirements of Chapter 32, Article IV

These post-construction requirements are applicable to all land disturbing activities disturbing one (1)
acre or more of land, land disturbing activities disturbing areas that are smaller than one (1) acre if the
land is part of a larger common plan of development, and any land disturbing activities conducted within
or adjacent to a Creek Buffer Zone (CBZ), as defined in Section 10.2 below

10.2 CREEK BUFFER ZONE

The Creek Buffer Zone (CBZ) is a setback established for all property located on or adjacent to a natural,
vegetated, earthen or grass lined watercourse in which land disturbance is proposed. The extent of the
CBZ is defined as twenty-five (25) feet from the top of bank on either side of a watercourse and no
disturbance within the CBZ is allowed. The CBZ is to be maintamed in its native state to provide wa
quality and wildlife habitat benefits.—The-only-facthtie may-be-allewed-in-a-CBZ-are-facilities-tha

Limited disturbance is allowed for seleet-two BMPs. For the BMP, “Dedication and Acceptance of
Linear Parks”, limited disturbance is allowed for park amenities, such as trails, playgrounds, and benches.
Following acceptance of the area as a City park, limited maintenance/controlled management may be
performed to meet public safety and accessibility requirements.

The second BMP that would allow disturbance within the CBZ is “Stream Restoration”. If this BMP is
selected for implementation, temporary disturbance will be allowed during the implementation of
restoration practices. If this BMP is being proposed, the CBZ will be delineated based on the “restored”
top of bank. The restoration project shall include the restoration of riparian habitat within the CBZ that
was damaged or disturbed during implementation of this BMP.

10.3 STORM WATER MANAGEMENT SITE PLANS

Storm water management site plans (SWMSPs) are required for all land disturbing activities regulated by

Chapter 32, Article IV._See Section 32-49 of Killeen Code of Ordinances for specific requirements.

A SWMSP shail contain the following:
¢ Plan/Maps

Engineer Analysis

Inventory of Natural Resources

Maintenance and Repair Plan

Maintenance Easement

Maintenance Agreernent-(ifaecepted-by-City)}
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Table 10.1. BMP Credit Requirements

e Concept Plan (when adfacent properties under common ownership)
104 POST-CONSTRUCTION BMPS

The Post-Construction BMPs contained in this seetion-manual were selected by the City’s Drainage
Stakeholder Committee and deemed to be the most appropriate for local conditighis. A total of 41
different Post-Construction BMPs were considered by the Drainage Stakeholder Committee and were
ranked from “most acceptable” to “least acceptable”. Based on feedback from 1664l stakeholders on
March 10, 2010 and March 28, 2012 the City selected 22 BMPs for inclusion 1n

outlined in this manual are acceptable for meeting post-construction requirements-if-designed according
to principles outlined in this manual and Construction Standards and Details, if avmlalﬂe

The following BMPs were selected by the City based on Stakchoider input: S
1. Preserve Special Flood Hazard Areas (Riparian Buffer)
2. Protection of Natural Features
3. Dedication and Acceptance of Linear Parks
4. Reduce Limits of Clearing and Grading
5. Open Space Design / Cluster Development
6. Minimize Directly Connected Impervious Area
7. Locate Development in Less Sensitive Area
8. Minimize Siting on Erodible Soils
9. Dedication and Acceptance of Conservation Easements
10. Urban Forestry
11. Xeriscaping
12. Parking Lot / Storm Water Islands
13. Porous Concrete / Asphalt
14. Modular Porous Pavement System
15. Bioretention (Rain Gardens)

16. Dry Extended Detention Basin
17. Stream Restoration

18. Storm Water Wetland

19. Vegetated Swales

20. Multi-Purpose Detention Areas
21. Enhanced Swales

22. Wet Ponds

Refer to Appendix C for engineering design specifications, operation and maintenance requirements, and
inspection requirements for each BMP.

10.5 BMP Credits

Section 32-51 of the City of Killeen Code of Ordinances establishes BMP Credit requirements based on

the size and type of development, as listed in Table 10.1 below.

. . Number of additional

Type of Development Size of Disturbed Area BMP Credits reanired
1 acre < Disturbed Area < 5 acres 1
Non-Residential 5 acres < Disturbed Area < 10 acres 2
10 acre s< Disturbed Area < 20 acres 3
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> 20 acres 4
1 acre < Disturbed Area < 5 acres 1
Residential 5 acres < Disturbed Area <20 acres 2
>~ 20 acres 3

To achieve the total BMP Credit that is required for a particular development, the developer may select a
single BMP or a combination of BMPs that together meet the minimum requirements. The BMPs listed
in Section 10.4 and descyibed in detail in Appendix C provide flexibility in meeting the minimurm BMP

Credit requirements.

Each BMP has been assigned a value for & BMP Credit that will be awarded for successfil
implementation of the BMP. The BMP Credits were assigned based on pollutant removal potential. For
treatment control BMPs, the value is based on the median percent removal of total suspended solids ( ISS,
e.g., sediment) that is available in the International Stormwater BMP Database (www bmpdatabase.org)
for that particular BMP. Site design and source control BMPs weie based on perceived water quality
benefits as compared to the most effective treatment control, For each BMP, 2 minimum implementation
requirement was established to ensure adequate storm water treatment to meet post-construction water
quality goals. Table 10.3-2 lists BMP Credit values and minitmum requirements for each BMP
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10.6 COMPUTATION OF BMP CREDIT

For BMPs that are ngt subject to area weighting, if the BMP meets the minimum implementation
requirements as specified in Table 10.2 then the full BMP credit may be taken.

For example, if a site (as designed) will preserved 25% of the existing tree canopy then 1 BMP Credit will
be awarded. The existing tree canopy that is preserved must be part of the developed area and does not
include tree canopy contained in the CBZ or any other natural areas that are being preserved as part of

another BMP.

Two exceptions allow for partigl BMP credit vahies. These include two BMPs (“Locate Development in
Less Sensitive Area” and “Minimize Siting on Erodible Soils”) which will require a certified study of the

area to identify environmentally sensitive areas (ESAs) or erodible soils. Since there is no euarantee that

ES8As or erodible soils will be found on the site to be preserved. one-half (1/2) of the full BMP credit. can

be taken if studies are completed and no ESAs or erpdible soils are identified. If ESAs or erodible soils

are identified on the site then at least 80% of those identified would need to be preserved to obtain full

credit for these BMPs.

Several BMPs as indicated in Table 10.2 are similar and concurrent ¢redits cannot be taken for the same

oeveral BVIFs as mdicaled 1 1abie 10.; are similar and concurrent ¢redits cannot be taken for the same
area. For example, if one-half acre of wooded area is preserved on the site then credits for “Locate

Development in Less Sensitive Area”, “Urban Forestry”. and “Protection of Natural Features” cannot be

taken concyrrently for the same areca. The developer may choose the BMP that best fits the conditions of

the site as specified in Appendix C.

Similarly, open space design (also known as cluster development) is a design concept that incorporates
many of the sife design and source control BMPs. If the BMP credit for “Open Space Desion / Cluster

Development” is taken then concurrent credits cannot be taken for related BMPs.

ample Caleulations

Sample calculations are shown below for computation of {otal BMP Credit based on single and multiple
BMPs.

The BMP Credit for BMPs that arc subject to area-weighting as specified in Table 10.1-2 shall be
computed as outlined below.

For Single BMPs

The BMP credit is multiplied by the percentage of develeped-disturbed area that the BMP
treats. The CBZ or any other areas that are preserved in their natural state are not
included in the total area that is developeddisturbed.

For example, if a 10 acre site, contains 2 acres of CBZ (i.e., undisturbed) and if runoff
from 50% of the developed-disturbed area (4 acres) is treated through a wet pond, then

BMP Credit of 2 x 0.5 =]
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For Muitiple BMPs (in parallel, i.e. treating different areas)

For example, if runoff from 75% of the developed area is treated through a Dry Extended
Detention Basin and 25% of the developed area is treated with Parking Lot Islands, then

BMP Credit for Dry Extended Detention Basin
p'

BMP Credit for Parking Lot Islands

Total BMP Credit=1.13+ 0.5 = 1.63

For Multiple BMPs (in series Le. treating same area)

For example, if runoff from 50% of the site is treated through a Vegetated Swales and

then routed to a Muiti-Purpose Detention Area, then

BMP Credit for Vegetated Swale

BMP Credit for Multi-Purpose Detention Area
X

Total BMP Credit=0.5+0.75= 125

BMP computations must be included in the Engineer Analysis sectign of the SWMSP to support the total
BMP Credit requirements for the site. Where applicable, the maps and/or plans shali indicate drainage

areas and other acreage used in the BMP computations.
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C1.1 INTRODUCTION

This Appendix to the City of Killeen DDM was written to provide guidance to developers for the
implementation of post-construction Best Management Practices {BMPs) to meet requirements
of the City’s Post-Construction Ordinance, Chapter 32, Article [V. The BMPs contained in this
manual were selected by the City's Drainage Stakeholder Committee and deemed to be the
most appropriate for local conditions. A total of 41 different Post-Construction BMPs were
considered by the Drainage Stakeholder Committee and were ranked from “most acceptabie” to
“least acceptable”. Based on feedback from local stakeholders on March 10, 2010 and March
28, 2012, the City selected 22 BMPs for inclusion in the Post-Construction Qrdinance and this
manual. The ordinance does not preciude the use of other BMPs; however, the BMPs outlined
in this manual are acceptable for meeting post-construction requirements i designed according
to principles outlined in this manual and Construction Standards and Details, if available,

Appendix C is organized based on the type of BMP Three types of BMPs were selected for
inclusion in this Manual:

¢ Site Design BMPs,

¢ Source Control BMPs, and

» Treatment Control BMPs.

c-4
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Cc1.2 SITE DESIGN BMPS
C1.21 Preserve Special Flood Hazard Areas (Riparian Buffer)

A riparian buffer is a conservation area that serves the function of physically protecting and
separating a stream, lake, or wetland from future disturbance or encroachment. Water hazard
setbacks, vegetative buffers, and engineered buffers are the three types of riparian buffers,
Water hazard sethacks are areas that separate a potentfal pollution hazard from a stream, lake,
or pond. By providing setbacks from these areas in the form of a buffer, the potential for
pollution can be reduced. Vegetated buffers are native or existing areas used to divide land
multiple land uses or additional landscaping. Engineered buffers are areas specifically
designed to treat storm water before it enters into a stream, lake, or wetland (USEPA, 2012).

Buffers can be incorporated into new development by establishing specific preservation areas to
be managed through established maintenance agreements. For re-deveioped areas,
easements may be required from adjacent property owners.

Poilutant Removal / BMP Credit

| Application - |" StovmWaler QualtyFunction |+ { Formatted Table )
S Volume (. | = +f ym—
| Residential Yas Reduction Med Formatted: Font: 10 pt )
; Groundwater
Commercial Yes Recharge Med
Peak Rate
I Industnal Yes Reduction | Med
| Redevelopment Yes |[ANSEEN Gaadi T +—-——{ Formatbad: Contered B
Highway/Road Limited 5
Recreational Yes = +7{ Formatted: Centered J

{Sources SEMCOG, 2008, iSWM, 2010, and ASCE, 2011}

The ripanan_buffer must extend a minimum of 55 feet bevond the CBZ on both sidas of thes------ { Formatted: indent: Left: 07, First line: 0" ]

creek to receive the full BMP Credit (provided that the full extent of the riparian buffer lies within
the proposed development). If the creek borders the property and only one side of the riparian

buffer can be established, then a partial BMP Creditof 1 maybegranted, . { Pormatted: Font: Not Bold )

Design Specifications / Considerations

The Environmental Protection Agency (EPA} suggests the following considerations when
establishing a riparian buffer. -

Designate minimum total buffer width

Three-zone buffer system

Use mature forest as a vegetative target

Conditions for buffer expansion or contraction

Physical delineation requirements

Consideration for buffer crossings

Integrate storm water and storm water management with buffer

{ Formatted: Left, Tab stops: 17, Left ]
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# Buffer limit review
» Pubiic education
e Buffer flexibility

The EPA recommends a minimum buffer width of 100 feet on either side of the Delineated
Waters of the U.S or ordinary high water mark. Each should be divided into a stream side,
middle and outer zone {see Figure C1.2.1). These zones will be distinguished by function,
width, vegetative target, and allowable uses.

The stream side zone should be designed to protect the physical and ecological characteristics
of the stream or wetland. For streams, this zone is equivalent to the CBZ as defined in chapter
10. Uses shall be restricted as defined by City ordinance. For wetlands, this zone will extend a
minimum of 25 feet outside the natural extents of the wetland. Vegetative targets for this area
consist of mature forest. Allowable uses will be restricted to flood contral, utility right-of-way,
recreational trails, and other minimal invasive uses.

The middle zone should provide distance between the inner zone (i.e., CBZ) and upland
development. Typical widths should range between 55 to 100 feet based on stream order,
natural grade, and 1% annual chance floodplain extents. The vegetative target for the middle
zone is managed forest. Allowable uses should be restricted to mild recreational activities,
storm water BMPs, and recreational trails.

The outer zone will be the first zone to receive runoff from upland development. !t shall be
designed to reduce encroachment while filtering and slowing runcff. The minimum width of the
outer zone should be 20 feet with a vegetative target of forest or turf-grass. Quter Zone uses
will be restricted to, utility right-of-way, seftback easements, and most storm water BMPs.
Depending on development characteristics and landscape requirements, the outer zone may
include backyards or publicly maintained open spaces. For optimal performance, the use of
vegetated swale areas leading to a grass filter are recommended within the outer zone were
practical. The swales should be designed to capture discharges for smaller storm events, while
allowing larger flows to discharge directiy to the channel. The flows captured by these swales
can be spread across an infiltration basin located within the middle or outer zones (USEPA,

2012).
Operation and Maintenance

The buffer management plan should include the establishment, management, and distinction of
allowable uses within each buffer zone. The buffer limits should be clearly defined and visible
before, during, and after construction. The outer boundary of riparian buffers should be clearly
marked. Individual BMPs located within the outer buffer zone will be maintained per their
specific requirements.

Recommended Inspection Schedule
Periodic inspections should be conducted to assess areas of erosion, bank stability decline,

sedimentation, accumulation of debris, and vegetation. Areas of concem should be
documented and addressed in a timely manner.

| Formatted: Left, Tab stops: 1, Left
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Figure C1.2.1: Preservation of Special Flood Hazard Areas (Riparian Buffers)

Preservation of Special Flood Hazard Areas Plan View
(Source: iISWM Technical Manual - Planning)
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Preservation of Spedial Flood Hazard Areas Section View
{Source: SEMCOG 2008)
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C1.2.2 Protection of Natural Features

The goal of this practice is to minimize the potential impacts that adjacent development may
have on natural features or native habitats. By preserving natural areas, vegetation, existing
desirable trees, vines, bushes and grasses are protected from disturbance. These features
include areas such as wetlands, floodplains, aguifer recharge areas, mature woodlands, and
other wildlife habitat within or adjacent to new development. Open spaces within re-
development areas should be considered for preservation as natural features early in the
planning process (USEPA, 2012).

Pollutant Removal / BMP Credit

! __ Application __ _Storm Water OuabtyFynction | ——{ Formatted: Font: 10 pt )
. . Yolume
Residential Yes Reduction Med
. Groundwater
Commercial Yes Recharge Med
. Peak Rate -
Industrial Yes Reduction Med
Redevelopment Yes SEAIEMES mdiy
| Highway/Road Limited 1
Recreational Yes

| (Sources' SEMCOG, 2008, iSWM, 2010, and ASCE, 2011)

The natural features to be protected must lie outside the CBZ. A minimum of 10% of the «-=={ Formatted: Indent: Left: ", First Ine: 0 )
developahle area (excluding the CBZ) must be proiected to receive the BMP Credit, { Formatted: Font: 11 pt )

Design Specifications / Considerations

Protection of natural features and open spaces during and after site construction can be
achieved through (1) site planning techniques, (2) construction site BMPs, and (3) other post
construction measures.

1. Site planning techniques

Development site plans should attempt to incorporate significant environmental features, which
may be marketed as amenities and/or public open spaces. These areas should be designated
as possible conservation areas and ranked based on their level of unigueness, environmental
value, historic value, and aesthetics. Proposed protected areas must be designated and
approved by the City prior to any site development. Proposed development and re-
development should be planned and designed in such a manner that would compliment the
natural areas. If multiple areas are being protected within a development site, connection should
be provided between areas to allow for possible wildlife movement. Setbacks should be
established adjacent to protected areas where practical. Size and location of setbacks should
be compatible with the protected feature. If a creek or stream is located with the protected area,

A Pormatted: Left, Tab stops: 1", Left_____ )
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or the area is within a SFHA refer to chapter 10 for delineation of Creek Buffer Zone or C1.2.1
Preservation of Special Flood Hazard Areas for setback determination.

2. Best management practices (BMPS) during construction

Once significant environmental features have been identified, they must be protected during
construction. Limits of disturbance and location of all protected areas shall be detailed in the
construction site Storm Water Pollution Prevention Plan (SWPPP) as well as related
construction plans. Selection of appropriate construction BMPs shall consider the type of
environmental feature that is being protected. Determination of Environmental Sensitive Areas
(ESAs) may be required if the City deems it necessary. Refer to C1.2.7 Locate Development
in Less Sensitive Area for guidelines on protecting ESAs. All construction related activities shall
be restricted in these designated areas. Areas shall be inspected periodically to determine if
additional BMP measures are necessary during construction and after construction

3. Post construction measures

Once construction is complete the protected areas shall become amenities for site occupants
(e.g. homeowners or commercial tenants) and future maintenance shalt be the responsibility of
the owners or occupant. The Developer should provide information to owner/occupants
detailing each protected area and any activities that are restricted in these areas (USEPA,
2012).

Operation and Maintenance

Maintenance procedures shall be provided by the developer to the owner/occupant for each
significant feature and/or protected area. Homeowners and maintenance crews shall employ
the necessary procedures and precautions to ensure the protected areas are not adversely
impacted or destroyed. The City may specify additional BMPs to protect designated areas if
determined necessary by city staff.

Recommended Inspections Schedule

Periodic inspections should be conducted to assess areas of erosion, bank stability dedline,
sedimentation, accumulation of debris, and vegetation. Areas of concern should be document
and addressed in a timely manner.
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United States Environmental Protection Agency (USEPA), April 2012. National Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012

| <hitp://cfpub.epa.govinpdes/stormwater/menuofbmps:,
Figure C1.2.2: Protection of Natural Features
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{Source: iSWM Technical Manual - Planning)

Delineation of Naturai Features
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C1.2.3 Dedication and Acceptance of Linear Parks

Development in designated floodplain areas can reduce the floodpiain’s ability to convey storm
flows, while also increasing the floading, safety, and property damage risk to adjacent
developments. Linear parks can be used within a development to dedicate open space that will
encompass the unaltered 1% annual chance or 0.2% annual chance floodplains. Proposed
development and redevelopment can use these areas to fulfill post-construction BMP
requirements while maintaining the natural condition of the creeks and adjacent fioodplains.
Linear parks can provide multiple amenities and benefits to both new development and
redevelopment. The foliowing are associated with linear parks:

= Creation of open spaces and recreational areas such as hike and bike trails.

+ Protection of natural areas and riparian habitat.

= Flood protection, erosion control, and storm water quality improvements. (Arlington,
2005)

Polfutant Removal / BMP Credit

| Application Storm Water Cuality Function
Residential Yes R\égll'ﬂ:gn Low/Med
Commercial Yes Gl;o:cr;]da\.:g;er Low
Industrial Yes R E Med/High
Redevelopment Yes BUP Credt i
Highway/Road Yes q -
Recreational Yes

(Sources: SEMCOG, 2008, iISWM, 2010, and ASCE, 2011)

Jhe linear park must encompass the CBZ and a minimum of 25 feet on one or both sides of the .-+~ Formatted: Font: 11 pt

CBZ to receive the BMP Credit.

Design Specifications / Considerations

The City shall evaluate all land proposed to be designated as a linear park per the following
criteria:
e Linear park area should be adequate in size, dimension, topography, and
accessibility to meet the needs of the adjacent community.
» Consideration should be given fo the required floodplain and floodway widths
located within the park area to ensure adequate conveyance of flood waters.
= Public access should be made available through the use of public streets.
s Minimum park widths should encompass the CBZ and extend & minimum of 25
linear feet on either side, where practical (measured from the CBZ limit).

c-12 _
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= Access to linear park areas should remain outside the 1% annual chance
floodplain.

¢ Access shall be provided through a dedicated right-of-way, per city requirements.

* Minimum of two (2) vehicuiar access locations should be provided per linear park
area. The. City may require additional access points dependant on park
dimensions.

¢ Storm sewer system design shall be as specified in the Drainage Design Manual.
Public utilities shall be installed underground within or along linear park areas.

» Over-head utilities must not create any significant hazard to the designated park
areas or adjacent community (Arfington, 2005},

Areas dedicated as linear parks must be protected during construction of all land directly
adjacent {o the park area. This involves allowing areas to remain in a native state where
possible. Methods for achieving this include: '
* Limiting the use of heavy maintenance equipment and chemical application in native
areas.
e Limit maintenance during migratory, breeding, or nesting seasons. (Mid rmarch
through June)
= Rotational pruning of woody vegetation {Arlington, 2003).

Platting Requirements:
= Limits of all land designated as linear parks and access should be labeled on the
final plat.
» All proposed purchase agreements shall be attached if owner(s) anticipate selling
any portion of the linear park to the city or any private group.
» Developer shall propose a participation agreement (City may choose to waive this
reguirement) (Arlington, 2005).

Operation and Maintenance

Linear parks should provide a low maintenance, natural environment for community use. Trash
coliection should be available along all trail and picnic areas incorporated within the park,
Native grasses, wildflowers, and other herbaceous plants should be maintained along these
areas. Regular mowing should be limited to frail, picnic areas, and other designed access

points.

Noxious plant and other invasive species shall be identified and removed on a regular basis.
Removal shall be performed through non-chemical methods, whenever possible, so as not to
impact native vegetation and habitat. Natural vegetation should be managed in order to
maintain user security (sight distances, escape routes, etc.) Trail corridors should remain clear
of thick, woody vegetation (Arlington, 2003).

Recommended Inspection Schedule
Periodic inspections should be conducted to assess areas of erosion, bank stability decline,

sedimentation, accumulation of debris, and vegetation. Areas of concern should be
documented and addressed in a timely manner.

(_Formatted: Lek, Tab stops: 17, Left B
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Arlington, City of. Subdivision Rules and Regulations: Ordinance No. 05-044; Article Vii Linear
Parks. June 21, 2005,

Arlington, City of. Design Criteria Manual; Section 4.7. August 12, 2003.
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Johnson Wildflower Center, University of Texas at Austin. August 2011,
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Figure C1.2.3: Dedication and Acceptance of Linear Parks

R.rimfmr Buyffer stream bed Byf¥er/Detention
Stream bank Stream bank

{Source: Ariington Design Criteria Manual, 2003)

Example of Linear Park Designation.
{Dallas Floodway — Balanced Vision Plan)
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(Source: USACE, Fort Worth District)
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C1.24 Reduce Limits of Grading

Clearing and grading for development should be limited to the minimum amount necessary for
construction to be completed. A site footprint should be developed to determine the smallest
possible land disturbance area for a development site. This will result in the preservation of
more undisturbed natural areas throughout the development site, and reduce the amount of
erosion and sediment loss that may result from typical construction practices. A common
practice used fo reduce overall grading limits is to design based on the existing topography by
designing roadway alignments to match existing contours.  Criteria for roadway design should
be flexible enough to achieve optimal alignments while still maintaining the necessary safety
regquirements.

Conventional residential Iot layout practices often result in larger graded areas. Reducing the
overall disturbed area of a site can be best applied to lower density residential development. In
these developments, grading can be limited to building pads only and can significantly reduce
the overall soil disturbance during construction. This practice may also be effective in other
residential and commercial developments. However, as site areas decrease and building
densities increase this practice becomes more difficult to apply (SEMCOG, 2008).

Pollutant Removal / BMP Credit

| Application - _ Storm Water Qualify Functon | . (Formmtionts Tk 078
. . Volume .
Residential Yes Keduction High
. Groundwater .
Commercial Yes Recharge High
Peak Rate .
Reduction High
industnal Yes |- . - BMPCredt - - |
Redevelopment Limited
Highway/Road Limited 1
Recreational Yes

{Sources: SEMCOG. 2008, iSWM, 2010, and ASCE, 2011)

|
A minimum of 26% of the developed area (excluding CBZ and other preserved natura| areas) . =+~ Formatted: Font: 11 pt
| must be maintained with natural grade to receive the BMP eredit, T . { Formatted: Indent: Left: 07, First fing: 0"

" { Formatted: Font: 11 pt

ey

Design Specifications / Considerations

Minimal disturbance methods should be used to limit the amount of clearing and grading that
takes place on & development site, preserving more of the undisturbed vegetation and natural
hydrology of the site. The following considerations should be made during the conceptual
design phase of the project.

o [dentify Natural and Environmentally Sensitive Areas. Delineate and avoid areas which
can be maintained as natural open space or other conservation areas. These areas
may includes creeks and other natural waterways, floodplain, wooded areas, steep

slopes, etc. (See BMP C1.2.2 and C1.2.7). { Formatted: teft, Tab stops: 17, Left
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* Minimize Site Disturbance. Adjust road alignments, lot plans, phasing, and building
locations to fit the existing terrain and reduce mass grading requirements. Municipal
code requirements and safety standards should be maintained and may result in
additionai grading.

» Concentrate Areas of Development. Development should be limited to existing open
space, when possible. If excessive grading is required, retaining walls may be used to
reduce cutfill volumes.

o Minimize Grading within Lots. Grading should be limited to access routes and building
pads, whenever possible.

s Establish a Limit of Disturbance (LOD). The overall limit of disturbance shall be based on
maximum disturbance radii and lengths. Maximum distances should reflect reasonable
construction techniques and equipment needs together with the physical characteristics
of the development site such as slopes or soil types. LOD distances may vary by type of
development and size of lot, site, and/or phase. and by the specific development feature
to be constructed. Limits of disturbance should be designated on construction plans and
submitted fo the City for review.

e Using Site “Foot Printing”. This involves mapping all grading limits of disturbance to
identify the smallest possible land area that requires clearing and land disturbance.

» Fit Site to Terrain. Adjust roadway alignments and building layout to match the existing
topography.

Operation and Maintenance

Reducing the total site disturbance will decrease the maintenance requirements both during and
following construction. All disturbed areas and supporting erosion and sediment controls should
be monitored periodicaily, until permanent soil stabilzation has been established.

Naturai and undisturbed areas will require minimal maintenance as long as they are aliowed to
function in a manner consistent with their pre-development conditions. Occasional maintenance
may be required for the control of invasive species. This maintenance can often be performed
on an “as needed” basis.

Recommended Inspection Schedule

Typical inspection schedules for post-construction erosion control would involve routine
assessments every two weeks until vegetation is established, and after all rainfali events which
exceed 0.5 inches of precipitation within a 24 hour period. Inspections of natural areas should
be performed at least once per growing season to assess the overall health of the areas
(USEPA, 2012).

References

North Central Council of Governments. ISWM Technical Manual: Planning. April. 2010. Web. 29

March. 2012. < htip:/iswm.nctcag.org/Documents/ftechnical manual/Planning_4-

2010b.pdf>.

Low Impact Development Center, Inc. Low Impact Development Manual for Southern California:
Technical Guidance and Site Planning Strategies. April. 2010. Web. 06 June. 2012,
<http:./iwww.casaa.org/LID/SoCall {Ditabid/2 18/Default. aspx:.
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Southeast Michigan Council of Government. Low Impact Development Manusal for Michigan: A
Design Guide for Implementers and Reviewers. SEMCOG 2008.

United States Environmental Protection Agency {USEPA), April 2012, Nationai Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012
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Figure C1.2.4: Reduce Limits of Grading

Small Impact Area

I

(Source: iISWM Technical Manual - Planning)

(Source: Low Impact Development Center, Inc. 2010)
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C1.2.5 Open Space Design / Cluster Development

Open space design, also known as cluster development, is a practice in which a development is
designed to keep all proposed improvements to a dense area within the site property and leave
the other areas untouched. Open space design (cluster development) is an effective way to
preserve as much land as possible within a development in its natural state. By implementing
this type of development, it is possible to preserve wetlands, floodplains, buffers to streams,
wildlife habitats and historical features that otherwise would be compromised or lost. With all of
the development constrained fo a smailer area there are substantial economic benefits gained
by open space design (cluster development) by means of less necessary infrastructure.
Preserved natural areas will also increase the property vaiue of the development. In addition to
the economic advantages of a cluster development, it also helps maintain the natural hydrologic
and hydraulic nature of a site. The usable space created by a cluster development is typically
used within residential developments but can also be used In commercial applications. The
goal of cluster development is to develop less land area while allowing the same number of
residential units as a traditional development.

Poliutant Removal / BMP Credit

A BMP Credit of 2 can be taken if the entire development is designed based on this concept.«------{ Formatted: Indent: Left: 0", First Ine: 0" )
As cluster development techniques incorporates may low impact site design pracfices such as

reduction of grading limits, preservafion of natural features and urban forestrv, concurrent
credits cannot be taken for relaied BMPs. See Chapter 10, Table 10.1 for a list of BMPs for
which concurrent credits are not allowed

Design Specifications / Considerations

When considering a cluster development, it is important to determine if there is sufficient land
area to dedicate a substantial portion towards open space. In order to be effective it must be
determined that the same number of units can be developed in relation to a traditionaily planned
development. Allowing the same number of unts to be developed in a cluster development
ensures that the developer is not financially burdened by designing a cluster development,
Where there are environmentally sensitive areas to maintain, the use of cluster developments
can be a very useful tool to gain BMP credits.

There are limitations for cluster developments. In some cases, there is not enough land to
create both a cluster and retain a significant portion of the property as open space and
undeveloped. The lot size for residential subdivisions can be limited with a cluster deveiopment.
Larger lots may cut into the available land for open space. Not all developments contain land
that is worth preserving, as well. Examples of pre- and post-development site conditions using
cluster development are illustrated in the caonstruction details, PC-46 and PC-47, respectively.

Operation and Maintenance

Cluster developments require the same maintenance as traditional developments though not on
as large of a scale since all of the development is limited to a smaller area. Municipal utility
providers will need to have access o maintain their utilities within the infrastructure. In addition,
the subdivision will most likely need to establish a homeowners association to maintain the
preserved open space and educate the community about the cluster development. Since the
open space will be preserved in its natural state, the maintenance is not that demanding.
Natural waterways need to be inspected to make sure that any additional storm water runoff { Formatted: Left, Tab stops: 1", Left B
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does not cause any un-natural stream bank erosion or failure.  All natural features within the
open space must be inspected to ensure that they remain in their natural state.

| mm——— 'f Formatted: Indent: Left: Q", First line: 0" q
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Recommended Inspection Schedule
Seasonal inspections of open space areas are recommended for cluster developments.

References

United States Environmental Protection Agency (USEPA), April 2012. National Pollution
Discharge Elimination System {(NPDES), Office of Water, 25 Jun. 2012

<http://cfpub.epa.gov/inpdes/stormwater/menuofbmps>.
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C1.2.6 Minimize Directly Connected Impervious Area

Storm water volumes can be reduced for developed areas by avoiding the direct connection of
impervious areas such as rooftops, roadways and parking lots. These surfaces contribute to the
rapid conveyance of storm flows. Water quality is also reduced as organics, hydrocarbons and
other pollutants become concentrated in these areas. Connecting impervious areas to open
channels or bioretention areas can provide water quality treatment and reduce peak discharges
for developed areas.

Storm water quantity and quality benefits are achieved by routing the runoff from impervious
areas fo pervious areas such as lawns, landscaping, filter strips, vegetated buffers and
channeis. Similar to the use of undisturbed buffers and natural areas, vegetated areas such as
lawns, engineered filter strips, and vegetated channels can act as bio-filters for storm water
runoff and provide infiltration in pervious soils (Hydrologic Soil Groups A and B). In this way, the
runoff is "disconnected” from a hydraulically efficient structural conveyance such as a curb and
gutter or storm drain system. This helps reduce the time of concentration of storm flow within
drainage basins and can in turn reduce overall peak flows for proposed development
(SEMCOG, 2008).

Pollutant Removal / BMP Credit

| Application Storn Water Qualty Function —.—--{ Formatted: Font: 10 pt ]
Residential Yes Monims High
Reduction g
i Groundwater .
Commercial Yes Recharge High
. o Peak Rate .
Industrial Limited Reduction High
Redevelopment Limited | " BMPCredit -
Highway/Road Limited 1
: Recreational Yes -

(Sources. SEMCOG, 2008, iSWM, 2010, and ASCE, 2011)

A minimum of 25 percent of the impervious area must be disconnected to receive a BMP Credit. «--—--—- { Formatted: indent: Left: 07, First line: 0 }
This BMP is subject o area weighting based on the percentage of impervious area that is
disconpected.

Design Specifications / Considerations

Successful implementation of this BMP often involves directing storm runcff to areas of existing
vegetation. Vegetation may vary in type and maturity, but infiltration rates and soil type should
be considered in order to reduce excessive ponding in these areas. When designing vegetated
areas, consideration should be given to existing water table elevations, soil type and infiltration
rates, the possiility of erosion, and the effects of water logged soils. The proper use of
structural BMPs such as bioretention, dry wells, and infiltration trenches will fimit the potential for
ponding and increase the efficiency of these areas. Other considerations for disconnecting
impervious areas include:

¢ Sheet flow runoff from impervious areas to natural conveyance systems such as riparian
buffers and vegetated swales.

A Pormatted: Left Tab stops: 1% 1ot )
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= Connect roof drains to specifically design BMPs such as bicretention basins or detention

basins. Refer to construction detail PC-39 of the DDM for specific roof drain design

standards.

Incorporate vegetated swales and bloretention areas within lot design.

Maintain gradual slopes in vegetated areas. (less then 5%)

Avoid excess pollutant loading to vegetative areas.

Avoid concentrating flows from larger impervious areas to allow for on-site treatment of

smaller flows. Contributing drainages areas should be limited to 1000 sq. ft. per

discharge location. The maximum irmpervious flow path should not exceed 75 feet

{SEMCOG, 2008).

s The length of disconnection should equal the length of impervious flow path. (Minimum
75 feet for concentrated discharges; minimum 25 feet for sheet flow discharges)
(SEMCOG, 2008).

= Avoid the direct connection to impervious conveyance systems, such as roof drains
discharging onto pavement or storm sewer systems. Instead intercept drain flows using
dry wells, rain gardens, or other similar BMP

= Provide safety overflow outlets for larger storm events.

¢ Travel velocities through vegetated areas should be reduced below 6 feet per second for
smaller storm events (2-year return period)

Operation and Maintenance

Operation and maintenance programs should fulfill the requirements of the individual BMP
incorporated within this design practice. Typical maintenance for vegetated areas shall be
performed on a biannual or seasonal basis and include the removal of dead or impaired plants
and mulch replenishment. This can be incorporated Into a regular landscaping pian for the site.
Routine trash and debris removal may also be required for vegetated areas located adjacent to
parking lots and roadways.

Recommended Inspection Schedule

Biannual or seasonal inspections are necessary fo assess the overall vegetation health of
previous areas. Areas of erosion or poor plant growth should be noted. Inspections should be
documented and any concerns shall be addressed in a timely manner.

References

nemee 1 Formatted: Indent: Left: 0, First line: 0"
Low Impact Development Center, Inc. Low Impact Development Manual for Southern California:«------ Formatted: Indent: Left: 0" HI lne' 0.83" ]
Technical Guidance and Site Planning Strategies. April. 2010. Web. 06 June. 2012, &mm@ S

<htip:/iwww.casga.org/LiD/SoCall 1D/tabid/218/Default.aspx>.

Maine Stormwater Best Practices Manual
<http.//www.state.me.us/dep/land/stormwater/stormwaterbmps=.

Southeast Michigan Council of Government. Low Impact Development Manual for Michigan: A
Design Guide for Implementers and Reviewers, SEMCOG 2008.
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United States Environmental Protection Agency (USEPA), April 2012, National Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012
<htip://cfpub.epa.govinpdes/stormwater/menuofbmps:=.
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Figure C1.2.6: Minimize Directly Connected Impervious Area
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"Center for the An‘é stormwater &iséonnecﬁoh’

{Source: SEMCOG 2008)
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C1.2.7 Locate Development in Less Sensitive Area

Protecting environmentally sensitive areas (ESAs) involves indentifying and limiting the impacts
to certain natural features during development. These features can then be used to benefit the
development through storm water quality, volume reduction in runoff, or as amenities. Protecting
ESAs can be achieved at the site level as well as regionally within a community. Prioritization of
certain areas can be designated by weighing the functional value of individual areas.. ESAs
must be preserved in their natural state and shall not be used to construct storm water
infrastructure (SEMCOG, 2008).

To minimize the hydrologic impacts on the existing land cover, the area of development should
be located on areas of the site which are less sensitive to disturbance or have a lower value in
terms of hydrologic function. A site layout should be designed so the areas of development are
placed in such a way that will minimize the hydrologic impacts to the overall site. In doing so
the natural hydrology and drainage characteristics for these areas shall be preserved and can
be utilized to prevent or mitigate for storm water impacts which result from development.
Generally such areas may include riparian buffers, wetlands, alluvial plains, floodplain,
woadlands, and steep slopes (SEMCOG, 2008). ’

Pollutant Removal / BMP Credit

~ Application tal
Residential Yes Bt High
Commercial Yes Gm"::éer High
Industrial Yes ety High
Redevelopment No | . BMPGmat ™ =
Highway/Road Limited 1
Recreational Yes

{Sources: SEMCOG, 2008, iISWM, 2010, and ASCE, 2011)

A partial BMP Credit of ¥ may be given for a cerlified study of the area that indicates that no«

ESAs are present or the site. If ESAs are identified, a8 minimum of 80 percent of those areas
must be protected 1o recsive a full BMP Credit of 1.

Design Specifications / Considerations

Protecting ESAs can be achieved across all types of land development projects. As
development density and land use requirements increase, the application of this BMP will
decrease. For these limited cases, it is important that ESAs be prioritized early in the planning
process. The following are some generai steps for defining ESAs.

o Identify, Delineate, and Inventory ESAs. The maps and data produced will provide
information on the possible ESAs which are located within the site. Mapping will- enable
the developer to define areas of development to avoid encroachment on and disturbance
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of sensitive areas. The quality of habitat within these areas should also be documented
and will be a useful tool in determining where encroachments may have the least impact.
= Create ESA map to prioritize areas to avoid development. Overlay environmentally
sensitive resource maps to create an integrated map. Areas should then be prioritized
based on their level of importance. Criteria for determining such levels may include
types of natural features, quality of vegetation, existence of protected wildiife, possible
mitigation requirement (local or federal), and connectivity to larger natural features.

» Delineate and Prioritize Potential Development Areas. Potential development areas
should be pricritized to correlate with ESA prioritization. Thus, if an area is a high
priority ESA then it should be a low priority for development. Factors which may
influence the prioritization of development included existing terrain, ease of access,
proposed infrastructure, cost of development, and local zoning requirements.

+ Federal and Municipal Regulations. Regulations and mitigation requirements
enforced by Federal Emergency Management Act, US. Army Corps of Engineers,
Texas Commission of Environmental Quality, and local ordinances may prohibit or
restrict development in some ESAs. Federal and municipal regulations should be fully
understood and disclosed early in the planning process. Once protected ESAs have
been established, additional documentation may need to be in place for maintenance of
these areas. These documents may include conservation easements, maintenance
agreements, platted boundaries, stc.

Once ESAs have been designated they will need to be protected throughout the construction
process. General construction guidelines for protecting ESAs include:

¢ Conducting Pre-Construction Meetings. A meeting shall be held prior to the start of
construction to educate community officials, contractors and sub-contractors on the
natural resources being protected as well as the methods of protection being used.

*» Special Requirements for ESAs. Document all work requirements to be performed
within or adjacent to ESAs. Include specifications for the work to be performed as well
as the equipment that will be used. List alf activities not allowed with protected areas.

* Minimizing Construction Staging Areas. Limit the amount of area used for
construction staging and clearly mark all staging areas. All storage of materials and
construction actwvities should be limited to these areas. These areas are not allowed
within a protected area

o Clearly Marking ESAs. Install construction fencing around all ESAs to prevent
unnecessary encroachment.

e Limited Excavation. Limit excavation to only what is necessary to meet engineering
and construction requirements. Do not stock pile or place spoil materia! in protected
areas.

= Routine Monitoring. Construction activities should be routinely monitored to ensure
ESAs are being protected as shown by the construction plans.  Past-construction
monitoring should be conducted on areas impacted by construction to ensure that such
areas receive the appropriate maintenance (SEMCOG, 2008).

Operation and Maintenance

Protecting ESAs can create maintenance concerns aver who will be responsible to perform
such activities. In most instances, these areas will be owned and maintained by homeowner's
associations or private property groups. In some instances, local municipalities or state or
federal agencies may have jurisdiction over these areas. Specific maintenance requirements
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will depend on the natural vegetation within the preserved area. Some areas, such as
floodplains and woodlands, may required little to no maintenance. Open space areas may
require seasonal mowing and invasive species management.

Recommended Inspection Schedule
Biannual or seasonal inspections are necessary to assess the overall vegetation health and to
control the threat of invasive species. Inspections should be documented and any concerns

shall be addressed in a timely manner.

References
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Figure C1.2.7: Locate Development in Less Sensitive Area
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(Source: iISWM Technical Manual - Planning)
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Example of Sensitive Area Map

(Source: SEMCOG 2008)

Example of Potential Developable Areas Map

(Source: SEMCOG 2008)
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C1.28

Permeabie soils such as sand and gravel provide an opporiunity for storm water infiltration and
groundwater recharge. Conversely, once disturbed these soil types can exhibit unstable and
erosive characteristics. Development and the disturbance of areas consisting of erodible soils
should be avoided due to the greater risk of erosion.

Minimize Siting on Erodible Soils

Variables that affect soil erosion are climate, soil classification, vegetation, and topography. Of
these climate is the least controllable factor. Climatic changes involving temperature. wind,
precipitation, and humidity can all have an effect on soil erodibility. The geometry of soil
particles and their interaction with one another will also have an effect on the erosive nature.
This interaction between particles relates the textual qualities of gradation and plasticity, as the
primary engineering interest for soils to be used as a construction material. Gradation of a soil
is the particle size distribution, as determined by dry weight, sieve testing for particles greater
than 0.0756 mm in diameter and hydrometer analysis for particles smaller then 0.075 mm in
diameter. The terms clay, silt, sand and gravel describe different gradation ranges of soils
particles. Particle distributions and sieve designations are listed in the table below:

Table X: Standard Sieve Designation and Corresponding
~ Grain Size (ASTME-11;ASTMD-2487)
. Standad Sieve | oo Casropad
125-90 5in.-35in. Cobbles
75-22.4 3in.-7/8In Coarse Gravel
19-56 3/4in.-No. 3 1/2 Fine Gravel
475-2.36 No. 4 -No.8 Coarse Sand
200-1.18 No. 10-No. 16
Medium Sand
1.00-0.500 No.16-No. 35
0.425-0.212 No. 40 - No. 70
Fine Sand
0.180 - 0.090 No. 80~ No. 170
0.075 - 0.038 No. 200 - No. 400
Fines
0.032-0.020 No. 450 - No. 635

{Source: Dewberry and Davis 1996)

The plasticity of a soil is a measure of how a soil will behave once it is combined with water
molecules. Soils with a particle size less than 0.002 mm will exhibit high degrees of plasticity or
cohesion. These particies are usually flaky in shape and have a high degree of workability once
they reach optimal moisture content. The point at which a soil will begin to exhibit plastic
characteristics is known as the plastic limit (PL). As the moisture content continues to increase,
a soil will begin to behave as a liquid, at which point the liquid limit {LL} is established. The
difference between the plastic limit and the liquid limit equals the plasticity index (PI) for that soil
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and defines the range at which a given soil remains plastic in nature (Dewberry and Davis,
1996). '

Topography can also influence the erosive nature of soil. Generaily, erosive soils exhibit slopes
between 2 and 15 percent, with highly erosive soils having slopes greater than 15 percent.
Vegetation plays an integral role in reducing erosion. Established vegetation can help reduce
surface runoff velocities, hold soils in place, strengthen soll structure through root systems and
plant residues, increase biological activity, and increase transpiration rates. The effectiveness
of vegetation varies with plant species, maturity, and climate. Trees and well established
grasslands are effective in reducing erosion due to their well established root systems.

Pollutant Removal / BMP Credit

A partial BMP Credit of % may be given for a cerfified study of the area that indicates that no«------{ Formatted: Jusired )
erodible soils are present on the site. If erodible soils are identified, a minimum of 80 percent of

those areas must be protected to receive a full BMP Credit of 1.

Design Specifications / Considerations

Two of the most widely used soil classification methods are the Unified Soll Classification
System (USC) and the American Association of State Highway and Transportation Officials
(AASHTO} method.

A complete description of the USC method is provided by ASTM D-2487. The main principle of
the USC method Is that the engineering properties of coarse-grained soils are defined by
gradation, while the engineering properties of fine-grained soils are defined by plasticity. In
general, soils are defined as either coarse-grained or finegrained. The textural qualities of
gravel, sand, silt, and clay are designated by the letters G, S, M, and C, respectively, The
gradation of soils Is defined as either well graded (W) or poorly graded (P), and plasticity is
defined as either high (H) or Low (L).

The AASHTO classification system is described in ASTM D-3282 or AASHTO M65. This
system uses laboratory testing to classify soils. AASHTO designates seven groups, A-1 thru A-
7, to classify soils. Each group classification Is based on gradation, liquid limit (LL}), and
plasticity limit (PL). Sieve testing is used to determine particle size. Groups A-1 through A-3
are used to classify sandy soils, while A-4 through A-7 classify silt and clay materials (Dewberry
and Davis, 19986).

Either of these methods are acceptable for determining the engineering soil characteristics for a
site prior to development. Testing should be performed by a geo-technical specialist or licensed
geologist. A detailed map of the soil type distribution should be produced to determine areas of
the site that are more favorable for grading. Areas with “problem soils” should also be labeled
and avoided when possible. Problem soils are those which require additional engineering due
to there irregular characteristics. They are often indigenous to selected regions of the country,
and can exist in isolated pockets throughout a project site. Such soils include expansive clays,
meiastable soils, organic soils, dispersive soils, nomally consolidated clays, and limestone.
Locating these soils early in the planning and design process can reduce costly delays,
additional excavation, and the likelihood of future design failures.

,,{ Formatted: Left, Tab stops: 1", Left j
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Expansive Clays. Various clays exhibit the ability to shrink and swel! as the moisture content
changes. These soils typically have a high plasticity index (P!) and are commonly found in
south and southern United States. Common seil names include gumbo, adobe, and black
coffon. The environmental factors as hydrology, slope, vegetation, and underlying sofls may
effect the behavior of these clays.

Metastable Solls. Collapsing soils decrease in volume as moisture content increases or when
subjected to vibration. Typically fine sand, silt, and clay materials will exhibit these qualities.
Such soils are commonly deposited In alluvial fans, at the base of cliffs or mountains, or in
semiarid regions. Loess soils, commonly found in the midwest and western United States, are
the most common type of metastable soils. Compacted loess can be used as a foundation as
long as the dry unit weight is around 99#/cf or greater. Compaction is required the fuil depth for
lifts less that 6 inches. :

Organic Soils. Organic soils exhibit very litfle cohesion and are highly compressible, aven under
lighter loading. Commonly found in estuaries, wetlands, and floodplains, these soils should not
be used for construction. Peat consists of fibrous, partially decomposed organic matter and
high porosity.

Normally Consolidated Clays. Clay is considered normally consolidated if the existing
compression state is directly related to the overburden weight. Normally, these soils will be
subject to long-term settling under loads that exceed to the overburden weight. Estimates for
this settlement can be obtained from sample testing.

Limestone. Limestone and other sedimentary minerals are highly erodible due to there solubility.
Sink holes can occur for soils that overlay sedimentary deposits. Voids in bedrock enable
ground water to transfer of overlaying soll particles. Particle are deposited at the bedrock
surface until the weight of the sedimentation creates a sink hole (Dewberry and Davis, 1996).

Operation and Maintenance

The Soll Conservation Service have produced soil surveys detailing information useful in
landplaning and engineering design. Field exploration should be carefully planned for
development site based on the characteristics of the development. The number of boring
locations will be dependant on prevailing soil conditions, variability of soils, and project details.
The following guidelines can be helpful in determining boring locations. )

= For commercial and retail development, boring should be [ocations near building corners
and one in the middle. Larger building groups may place boring in a gridded layout to
estabiish a subsurface cross section.

s For dams and other structural fill, boring locations should be places to create a
geolegical profile across the valley, upstream and downstream toe, and all major
hydraulic structures. Borings located in the impoundment area can help locate suitable
structural fill material.

» For roadway design, boring locations are used to obtain data bases on the foliowing
criteria:

1) Shallow borings allow the road alignment are used to confirm the presence of
anticipated soils.

2) Borings In the vicinity of major structures (bridge abutments, piers, and retaining
walls) are used to create a subsurface profile for foundation integrity.

{ Formatted: Left, Tab stops: 1", Left )
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3) Borings within cut areas help determine the difficulty of excavation and siope
stability.

4) Borings in borrow areas help determine the soils suitable for fill material. Boring
should be made are 200 — 400 feet grid intervals depending the site size.

References

Dewberry and Davis. Land Development Handbook; Planning, Engineering, and Surveying.
19986,

Ward, Andy D. and Trimble, Stanley W. Environmental Hydrology. Chapter 9 Seil Conservation
and Sediment Budgets, 2004.
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c1.29 Dedication and Acoepianoe of Conservation Easements

Conservation easements are voluntary agreements which aliow an individual property owner or
company to set aside private property for the use of limited development.
easements can cover all or portion of a property and can be permanent or temporary per a
documented agreement. Easements shall typically describe the resources they are intended to
protect (e.g. forest, agriculture, historic, or private open space) as well as give an explanation of
the restricted uses for the property. These easements can relieve the property owners from the
burden of maintaining these areas by shifting such responsibilities to private organizations or

local, state, or federal governmental agencies,

Conservation easements are thought to contribute to the protection of water quality. Typical
uses for conservation easements involve preserving natural areas being threatened by urban
development. In rapidly developing areas, conservation easements provided a method of

preserving open space and natural features.

Pollutant Removal / BMP Credit

The pollutant removal efficiency of these areas is depended on the amount of area preserved,

conservation techniques, and specific nature of the easement

Conservation

Application Ston
i . Volume .
Residential Yes Reduction High
Groundwater .
Commercial Yes Recharge High
. Peak Rate
Industrial Yes Reduction High
Redevelopment No S UBMP Credit
' Highway/Road Limrted 05
Recreational Yes =

(Sources: SEMCOG, 2008, iSWM, 2010, and ASCE, 2011)

Design Specifications / Considerations

Conservation easements shall be designated in such a manner that preserves the current state
regardless of changes in ownership. In doing so, landowners can ensure that the property will
remain in prescribed condition for perpetulty. Often governing agencies and private land trusts
have determined specific cnteria for the designation of such easements. The following is an

example of such criteria:
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Criteria Details

Does the property provide a critical habitat or

Natural Resource Value important environmental aspects worth preserving?

Unigueness of the Does the property have unigue traits worth
Property preserving?

Is the land area enough to have a natural resource -

Size Distinction or conservation value?

Financial Requirements Are funds available to meet all financial obligations?

] Has a perpetual conservation agreement been
Rerpetuity established?

Easement Holder's Criteria Does the property align with the easement holder's

mission and specific conservation criteria?

Source: USEPA, 2006

Operation and Maintenance

Prior to the dedication of an easement, a management agreement must be documented
detailing the responsibilities of the easement holder These management duties shall include;

Easement language shall be stated clearly and in a manner that is enforceable by the
governing agency,

Limits and legal description of easements shall be documented by final plat,

Land use should be regularly monitored,

A review and approval process shail be established for ail restricted uses,

Easement restrictions shall be enforceable by law,

Development records shall be maintained for all allowable uses.

Maintenance responsibilities for all conservation easements will be determine through the
management agreement.

Recommended Inspection Schedule

Biannual or seasonal inspections are necessary to assess the overall vegetation health and to
control the threat of invasive species. Inspections should be documented and any concerns
shall be addressed in a timely manner,

References

Low Impact Development Center, Inc. Low Impact Development Manual for Southern Cafifornia;

Technical Guidance and Sife Planning Sirategies. April. 2010, Web. 06 June. 2012,
<http:/iwww.casga.org/LID/SoCalLlD/tabid/218/Default aspx>.
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North Central Council of Governments. /SWM Technical Manual: Planning. April. 2010, Web. 29

March. 2012, < http:/fiswm.nctcog.org/Documents/technical manual/Planning 4-
2010b.pdf=>.

Southeast Michigan Council of Government. Low Impact Development Manual for Michigan: A __...--{ Formatted: Font: Talic

United States Environmental Protection Agency (USEPA), April 2012. National Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012
<http:/cfpub.epa.govinpdes/stormwater/menucfbmps>.
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Figure C1.2.9: Dedication and Acceptance of Conservation Easements

{Source: Low Impact Development Center, Inc. 2010)
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C1.3.1 Urban Forestry

Urban forestry is a BMP that utilizes landscapirig in an urban setting to help reduce theé amount
of runoff generated by rainfall. Urban forestry not only utilizes trees to accomplish the goals of
the BMP but also shrubs and turf. Urban forestry enhances the urban setting by providing
aesthetics which otherwise may not be provided. Trees cogl urban areas, save energy, improve
air quality, improve social connections and create walkable environments. Trees and_other
plants have the capacity to absorb water and when placed in carefully planned locations can
provide necessary storm water treatment. Not only do these plants absorb water, fallen léaves
from the plants will also absorb water and siow down storm water runoff. The root systems of
the plants help keep soils loose and less compacted and allows the soil to retain more water.

Urban forestry can be used in most types of urban development including residential”-and
commercial developments. Urban forestry can be limited when the pervious cover within a
development is extremely limited or non-existent, like an industrial development. In addition to
providing an environmental benefit, urban forestry can also provide shade, beauty and privacy.
Urban forestry can be provided by either maintaining existing vegetation on sites or by creating
an urban forest environment within a proposed development. In hott: cases, it is imperative that
once the urban forest is established, a maintenance and conservation plan be adopted to
preserve and maintain its function. An example of urban forestry that can be accomplished by
the preservation of existing tree canapy is depicted in the Construction Detail PC-48.

Pollutant Removal / BMP Credit

This BMP is only available when the existing tree canopy covers at least 50 percent of the Site.+------{ Formatbed: Indent: Left: 0", First line: 0"

At least 25 percent of the existing tree canopy must be preserved to receive a BMP Creditof 1, . { Pormatted: Font: Not Boid

Design Specifications / Considerations

One of the main factors fo consider when designing an urban forest is to determine if enough
area is available to maintain fhe functions of forest The critical root zones of trees must be
preserved while conserving an existing urban forest or to provide enough room for a critical root
zone of a fully developed tree. A minimum of 10 feet clearance should be maintained between
roads and parking lots and the forest canopy. A minimum of 15 feet should be maintained
between structures and the forest canopy (see Detail PC-48). When preserving an existing
urban forest, It is beneficial to eliminate Invasive species from the setting. Only native species
should be maintained and introduced to the urban forest. It is also important to direct storm
water runoff to the urban forest I rainfall and storm water runoff is not sufficient to meet the
trees water needs then it may be necessary to provide supplemental irrigation in order to
maintain the plants. Urban forests require the correct amount of sunlight and shade to prosper.
Any surrounding development must be designed to allow the proper amount of sunlight and

shade.

Urban forestry may be limited by the area available for plantings and root systems. Poor soil
can aiso limit the use of this BMP. Urban forestry may introduce unwanted wildlife and pests to
the environment. The use of native species may limit the diversity of the urban forest. Poor tree
care practices by citizens and untrained arborists can also present problems with maintaining
the urban forest.

A Formatted: Left, Tab stops: 17, Left
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Operation and Maintenance

To maintain the function of an urban forest it must be properly cared for. All trees must be
pruned and cared for based on their needs. Improper care and maintenance of the trees could
lead to failure of the urban forest. Dead plants must be replaced to ensure proper density.
Litter control within the urban forest should be maintained. The use of native vegetation and the
preservation of a site as close to its natural state as possible will minimize the required
maintenance for the site. It may be necessary to use an easement to better preserve the urban

forest.
Recommended Inspection Schedule

Monthly inspections are necessary until an urban forest becomes well established. Seasonal
inspections are necessary for the urban forest once it is established.

References

United States Environmental Protection Agency (USEPA). April 2012. National Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012

<http./icfpub.epa.gov/npdes/stormwater/menuofbmps>.

U.8. Department of Agriculture Forest Service (USDA Forest Services) April 2012, Urban and
Community Forestry, 25 Jun. 2012, <http:/www.fs.fed . us/ucff>.
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C1.3.2 Xeriscaping

Xeriscape is a landscaping approach which focuses on the use of native, drought tolerant
plants. Water conservation is the primary goal of xeriscape landscapes. A weli-designed
landscape can decrease maintenance by as much as 50 percent though reduced mowing and
mulching, elimination of weak, unadaptible plants, and more efficient watering techniques. It is
estimated that Texas urban areas use about 25 percent of the water suppiy for lawn and garden
watering. Much of the landscaping used requires relatively high amounts of watering in order to
survive. By reducing the overall watering requirement, xeriscaping may also reduce the need
for insecticide and the use of other chemicals, while ultimately improving the quality of storm
water runoff (Texas Xeriscape).

Pollutant Removal / BMP Credit

__hppiication o W
. . Volume
Residential Yes Reduction Med
" Groundwater
Commercial Yes Recharge Low
. - Peak Rate
Industrial Limited Reduction Med
Redevelopment Yes L BUPGe | ot
Highway/Road No 05
Recreational Yes

(Sources. SEMCOG, 2008, iSWM, 2010, and ASCE, 2011)

A minimum of 50 percent of the managed landscape must be xeriscaped to receive the BMP«

Credit,

Design Specifications / Considerations

Exposure. When planning xeriscape landscape it is important o consider the sun exposure of
the site. Sites with a southern and western exposure will experience the greatest amount of
water loss. Plants located near buildings and paved areas will also have an increased water
loss. Extensive use of rock or-gravel around plants can increase the overall temperature and
runoff characteristics of the landscapes. Using organic rich fop soils and mulch will increase the
infiltration and moisture holding capacity of the soil. Using larger trees to shade the areas
during peak exposure periods will help reduce soil temperatures and evaporation.

Slope or Grade. Steep slopes greatly increase the runoff and evaporation characteristics of
soils. Terracing can be used to minimize siopes where allowable. Using low profile plants
(generally less then 24 inches in height) will help reduce runoff and soil temperatures in these
areas.

Reduce Irigated Turf. Xeriscaping should be used to reduce or replace smaller turf areas that
are isolated and hard to maintain. Turf in these areas often result in increased water waste.
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Ornamental grasses and meadow mixes can be substituted in these areas to reduce the overall
maintenance requirement.

Soil Preparation. Proper soil preparation is instrumental for water conservation. Sandy soils
can allow water and nutrients to leach out of the root zone, while tight clay soils have a
propensity to produce runoff. The ideal soil shoutd consist of a combination of aggregates,
sand, silt and porous material. Fifty percent {(50%) of the overall volume should be pore space.
Organic material can be used to increase the pore space in tight ¢lay soils. Organic matter
should be added annually to landscaped areas. For sodded or seeded areas, a thorough layer
of organic matter should be incorporated into the soil prior to planting.

Xerigation. Sprinkler systems should be checked for overall coverage and adjusted to ensure
complete coverage and reduce watering of impervious areas.  Irrigation amounts and times
should be consistent with exposure durations. Areas with north and easterly exposures will
typically require less water than south and western exposure areas. Drip line systems are an
efficient means of irrigating raised beds, shrub borders, and other isolated areas. To avoid over
watering, only irrigate areas that show visible signs of stress. If possible, trees and shrubs
should be irrigated with deep roof watering devices.

Xerimulch. Using mulch in flower beds and shrubbed areas will reduce water use and soil
temperature, while also protecting the soil from wind erosion. There are two basic types of
mulches. Organic Mulches consist of straw, compost, wood chips, bark, and natural materials.
Inorganic Mulches use plastic film, gravel, and woven fabrics to increase the porosity of soils.
Organic mulches are necessary fo improve the nutnient load of solls. These materials will
decompose and be haturally incorporated into the soils. I[norganic mulches are effective in
excluding weeds, but can also exclude water and limit the aeration of the soil (Wilson and
Feucht, 2007).

Operation and Maintenance

A properly applied xeriscape design can decrease maintenance as much as 50 percent. Yearly
maintenance should be performed to replenished mulch layers and remove weak or dead
plants. insect control rarely reaches problem levels. Biological pest controls are recommended
when necessary. Chemical controls should be used as a last resort. Proper mowing of grasses
will heip reduce water and energy requirements. Grass shouid not be cut no more then 1/3 of
the leaf length per mowing. Clippings should be left on the lawn as they will act as mulch. Small
weeds should be removed by hand before they establish mature root depths. Regular pruning
may be required to maintain plant shape and health. {Texas Xeriscape)

Recommended Inspection Schedule

Xeriscapes should be inspected once a year fo replenish muich layers and remove weak or
dead plants. Irrigation equipment should be inspected monthly to ensure proper coverage and
irrigation amounts. (Texas Xeriscape)

References

Southeast Michigan Council of Government. Low Impact Development Manual for Michigan: A
Design Guide for Implementers and Reviewers, SEMCOG 2008.
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Texas Xeriscape website: www.texagxerscapes.com.

Wilson, C. and Feucht, J.R. Xeriscaping: Creative Landscaping. Colorado State University
Extension, October 2007.

United States Environmental Protection Agency (USEPA}. April 2012. National Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012
<http.//cfpub.epa.govinpdes/stormwater/menuofbmps>.

Figure C1.3.2: Xeriscaping

Example of Xeriscape Landscape Plan.
(Source hiip/faustinnativelandscaping.com)

" Xeriscape
(Source: WWW.daveshoes.com)
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C1.3.3 Parking Lot / Storm Water Islands

Storm water islands provide treatment of runoff from parking lots and other impervious areas
prior to discharges reaching the storm sewer system or natural channels. Additional structural
control features such as filter strips, and vegetated swales can be incorporated into parking lot
islands. Storm water is directed into these areas and temporarily detained. The runoff then
flows through the beds or infiltrates into an underlying collection basin and is discharged into the
storm sewer system. These areas can be integrated into the site’s overall landscape plan and
can be maintained by commercial landscaping contractors. Storm water islands are typically
used within small drainage basins, and are able to be utilized in various soil conditions. They
are adequate at removing a variety of pollutants, including fotal suspended solids and nutrients.

This BMP is a specialized form of bioretention (see EMP (1.3.6) intended for use in parking
lots.

" Pollutant Removal / BMP Credit

| . Applcaton - Pl s 15 { Formatted: Font: 10 pt )
— 'olume e,
Residential NfA, Reduction Med / High
. Groundwater ;
Commercial Yes Recharge Med / High
. Peak Rate :
Industrial Yes Reduction Med / High
Redevelopment Yes . BMPCredt
Highway/Road Yes P
Recreational Yes =

{Sources: SEMCOG, 2008, ISWM, 2010, and ASCE, 2011)

A mimimum of 80 percent of the parking areas must be freated though one or more storm waters. .- { Formatted: Font: 11 pt )

islands to receive the BMP Credit, - ceeeeeen{ Formatted; Indent: Left: 0, Firstline: 0" |
"{ Formatted: Font: 11 pt, Not Boid ]

Design Specifications / Considerations

Storm water islands should be designed to collect and treat the first ¥ inch of rainfall runoff from
paved surfaces. The combined island area should be between §% and 10% of the total
impervious area it is receiving. Underlying planting beds should be designed using a mixture of
sand and soil to allow for infilfration with a layer of mulch at the surface. Ponding is typical at
the surface of the beds ofteri to a depth of 6-9 inches.

Plant selection is important to both the function and appearance of storm water islands. Native
piant species should be incorporated when possible. A mixture of warm and cool season plants
should be used to help ensure active plant growth throughout the year. Plant selection should
include a combination of trees, woody shrubs, and herbaceous plants. Specimen plants in plug
or gallen-potted form shall be planted at approximately 1-2 foot centers.

Soil pH should range between 5.5 and 6.5, Ideally, the content of fines (clay) should be less
then 10 percent. Small amounts are beneficial for poliutant adsorption while large amounts can
decrease the soils infiltration capacity. Soils should also be free of poliutants and unwanted (Formateed: Lef, Tab sops: 1, Lot )
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plant material. Organic content should range between 5 and 10 percent. Additional organics
may be added to increase the cumulative water holding capacity.

Mulich should be applied to a depth of 2 — 3 inches immediately foflowing the planting of trees
and shrubs. Shredded and composted materials should be used for mulching. Mulch depths
shall not exceed 3 inches and should not be placed directly against plant stems in order to aliow
adequate oxygen flow.

If underlying soil has a low Infiltration rate, an under-drain system may be required (see BMP
C1.3.8).

Operation and Maintenance

After plants have been established, landscape maintenance shall occur on a seasonal basis.
Maintenance schedules should be integrated within the overall site landscaping plan. Properly
designed storm water islands will require regular maintenance within the first 1-2 vears after
ingtallation. Less maintenance will be required once perennial and native vegetation is
established. Watering should occur daily for the initial 2-3 weeks following installation. Newly
established specimens should be watered at a rate of 1 inch per week throughout the first
season. Watering schedules should be established as part of the landscape plan. Pruning and
weed removal should be done as needed while plants are being established. Weeds should be
removed by hand. Organic material should be removed as needed (typically twice a year and
by hand). Mulch should be evened out if erosion takes place, and replenished every 1 — 2 years
(SEMCOG, 2008).

Recommended Inspection Schedule

Islands should be inspected monthly until plants are adequately established. Seasonal
inspections should continue throughout the life of the facilities.

References

North Central Council of Governments. ISWM Technical Manual: Landscape. April. 2010, Web.

29 March. 2012.
<http./iswm.ncteog.org/Documentsitechnical manual/Landscape 4-2010b.pdf>.

Southeast Michigan Council of Government. Low Impact Development Manual for Michigan: A
Design Guide for Implementers and Reviewers. SEMCOG 2008.

United States Environmental Protection Agency (USEPA). April 2012. National Pollution
Discharge Elimination Systemn (NPDES), Office of Water, 25 Jun. 2012

<httpy//cfpub.epa.govinpdes/stormwater/menuofbmpg>
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Figure C1.3.3: Parking Lot / Storm Water Islands
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C1.34 Pervious Concrete / Asphalt

Pervious concrete, also known as porous, gap-graded, or enhanced porosity concrete, is
concrete with reduced sand or fines and allows water to drain through it. Pervious concrete
over an aggregate storage bed will reduce storm water runoff volume, rate, and pollutants. The
reduced fines leave stable air pockets in the concrete and a total void space of between 15 and
35 percent, with an average of 20 percent. The void space allows storm water to flow through
the concrete, and enter a crushed stone aggregate bedding layer and base that supports the
concrete while providing storage and runoff freatment. When properly constructed, pervious
concrete is durable, low maintenance, and has a low life cycle cost.

Pervious concrete can be used for storm water management programs. The runoff volume and
rate control, plus pollutant reductions, allows the users to improve the quality of storm water
discharges. Pervious concrete can be used to reduce stress to the storm sewer and minimize
localized flooding by infiltrating and treating storm water on site. Developments can use
pervious concrete to meet post-construction storm water quantity and quality requirements. The
use of pervious concrete can potentially reduce additional expenditures and land consumption
for conventional collection, conveyance, and detention storm water infrastructure.

Pervious concrete can replace traditional impervious pavement for most pedestrian and
vehicular applications except high-volume/high-speed roadways. Pervious concrete can be
designed to handle heavy loads, but surface abrasion from constant traffic will cause the
pavement to deteriorate more quickly than conventional concrete. Pervious concrete can be
used for pedestrian walkways, sidewalks, driveways, parking iots, and low-volume rcadways.
The environmental benefits from pervious concrete allow it o be incorporated into green
infrastructure and low impact development programs. In addition to providing storm water
volume and quality management, the light color of concrete is cooler than conventional asphalt
and helps to reduce urban temperatures and improve air quality. Unlike the smoothed surface
of conventional concrete, the surface texture of pervious concrete is slightly rougher, providing
more fraction to vehicles and pedestrians.

Pervious ! porous asphalt works in the same manner as pervious concrete, however,
applications of pervious asphalt are typically imited to parking lots. Like pervious concrete the
fines in the: asphalt aggregate are removed to create voids in the finished product to allow storm
water to infiltrate through the asphait paving. Pervious asphalt appears slightly coarser than
traditional asphait but is sfill attractive and smooth enough to meet the requirements of the
Americans with Disabilities Act.

Pervious concrete and asphalt do not require any proprietary ingredients and therefore can be

provided by any concrete or asphalt distributor. Pervious concrete and porous asphalt are
shown in Construction Details PC-37 and PC-38, respectively.

Pollutant Removal / BMP Credit

For residential developments, at least 50 percent of the sidewalks and driveways must include<------ { Formatted: Indent: Left: 0", First line: 0" )
porous concrete or porous asphalt to receive the BMP Credit of 0.5. For non-residential sites, at

| least 50 percent of the parking areas must be porous concrete or asphalt to receive the BMP

Credit of 0.5, e { Formatted: Font: Not Bold )
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Design Specifications / Considerations

The load-bearing and infiltration capacities of the subgrade soil, the infiltration capacity of the
pervious concrete / asphalt, and the storage capacity of the stone base/subbase are key storm
water design parameters. To compensate for the lower structural support capacity of clay soils,
additional subbase depth is often required. The increased depth also provides additional
storage volume to compensate for the lower Infiliration rate if a clay subgrade is present.
Underdrains are often used when permeable pavements are instalied over clay. In addition, an
impermeable liner may be installed between the subbase and the subgrade to limit water
infiltration when clay soils have a high shrink-swell potential, or are in close proximity to the
water table.

Measures shouid be taken to protect pervious concrete from high sediment loads, particularly
fine sediment. Appropriate pretreatment BMPs for run-on to permeable pavement include filter
strips and vegetated swales. Preventing sediment from entering the base of permeable
pavement during construction is critical. Runoff from disturbed areas should be diverted away
from the permeable pavement until they are siabilized.

Several factors may limit permeable pavement use. Pervious concrete has reduced strength
compared to conventional concrete and will not be appropriate for applications with high
volumes and extreme loads. it is not appropriate for storm water hotspots where hazardous
materials are loaded, unloaded, and stored, or where there is a potential for spills and fuel
leakage. For slopes greater than 2 percent, terracing of the soil subgrade base may be needed
to slow runoff from flowing through the pavement structure. Another approach for using
pervious concrete on slopes, lined trenches with underdrains can be dug acress slope to
intercept flow through the subbase.

Operation and Maintenance

One of the main maintenance concerns Is the potential clogging of the pervious concrete pores.
Fine parlicles that can clog the pores are deposited on the surface from vehicles, the
atmosphere, and runoff from adjacent land surfaces. Clogging will increase with age and use.
While more particles become enfrained in the pavement surface, it does not become
impermeable. Studies of the long-term surface permeability of pervious concrete and other
permeable pavements have found high infiltration rates initially, followed by a decrease, and
then leveling oft with time. With initial infiltration rates of hundrads of inches per hour, the long-
term infiltration capacity remains high even with clogging. Permeability can be increased with
vacuum sweeping. In areas where extreme clogging has occurred, haif inch holes can be
drilled through the pavement surface every few feet to allow storm water to drain to the
aggregate base. Many large cuts and pafches in the pavement will weaken the concrete

structure.
Recommended Inspection Schedule

Pervious concrete / asphalt should be inspected annually for clogging and cracks.

References
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C1.35 Modular Porous Pavement System

Modutar porous pavement systems are an alternative to traditional asphalt or concrete paving
systems. The use of these systems can decrease the total impervious cover proposed for a site
and also can offer both peak runoff control and water quality benefits. Modular porous
pavement systems are typically constructed with cast or prestressed concrete pavers.

Cast or prestressed concrete pavers are solid blocks set on a surface with joints that leave open
space between each unit. These joints can be filled with loose aggregate or pervious materia|
such as pea gravel, sand, or soil. Another option is to plant grass in the joints. These pavers
are typically bullt on an open graded crushed aggregate base, but can aiso be built on synthetic
materials such as rain tanks. The base offers infiltration and partial treatment of storm water
pollution. The material and depth of the base can be designed to accommodate almost any
storage requirements. Concrete pavers may be dyed and stamped during the manufacturing
process to create multi-colored patterns that can simulate more expensive materials such as
brick, stone or wood.

Concrete pavers can be used in most places where concrete would be used in both vehicular
and pedestrian facilities. These pavers with a sufficiently designed base course can withstand
heavy vehicular loads. Also, these systems are ready for vehicular traffic Immediately after
installation. They do not require time for curing.

These systems can be designed to infiltrate up to 100 inches of rain per hour, so even if the
joints become 90% clogged, the porous pavers would still be able to capture all but the most
major storms. These systems provide benefit for hoth peak flow attenuation if underground
storage is provided and water quality treatment in the form of filtration through the joints and
base course. The sub-base of these systems can be used to store storm water runoff. This
volume of water can erther be stored for future use or can be released through exfiltration into

the ground or a storm sewer system

Another type of modular porous pavement consists of pavers with void spaces in the middle of
each unit and resembles a “honeycomb™ pattern. This system aliows for vegetation to grow
through it and eventually these pavers will blend into the landscaping and essentially disappear
once the turf is established. These pavers are typically constructed on top of an engineered
base course that provides structural support and also allows infiltration. This system will reduce
the total impervious cover compared to a traditional system,

Pollutant Removal / BMP Credit

For residential developments, at least 50 percent of the sidewalks and driveways must include
modular porous pavement to receive the BMP Credit of 0.5. For non-residential sites, at least
50 percent of the parking areas must be modular porous pavement to receive the BMP Credit of

0.5

Design Specifications / Considerations
Modular porous pavement systems provide many benefits some of which include:

s Conservation of space on site and reduction of impervious cover,
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* Reduction of runoff by as much as 100 percent from frequent, low-intensity and short
duration storms,

¢ Reduction or elimination of retention basins in other parts of the drainage system,
= Promotes tree survival by providing air and water to root,

« Reduces pollutants and improves water quality,

+ Reduces peak discharges and stress on storm sewers,

= Increases recharge of groundwater,

¢ Reduces overall project cost due to reduction in storm sewer and drainage
appurtenances,

s Eliminates ponding and flooding in parking lots, and

s (Can be eligible for LEED credits.

Some limitations of the modular porous pavement systems are:
s Qverall cost compared to other BMPs,
= Requires a greater site evaluation and design effort,
¢ Requires a higher level of construction skill, inspection and attention to detail, and

+ Requires more intensive surface maintenance to minimize clogging to ensure long-term
performance.

There is not a single way to design and construct modular porous pavement systems. These
products are supplied by multiple vendors and each product will have their own unique design
criteria. It 1s imperative to work with the supplier fo design a system that Is suitable for its
specific location and purpose. Some of the aspects of design to consider are loads it will
encounter. A sidewalk with pedestrian loads will have a different design than a road surface
that will see heavy vehicular traffic. It is important to consider the design storm for which the
system will be responsible for freating. This will affect the joint spacing and base material
design. It must also be decided if this system will provide peak flow attenuation, water quality
treatment or both.

Operation and Maintenance

Modular porous pavement systems can become clogged with sediment over time, thereby
slowing their infiliration rate and decreasing storage capacity. Clogged surface openings are a
major cause of hydraulic failure. The rate of sedimentation depends on the amount of traffic
and other sources that wash sediment into the joints, base and soil. Since the pavement is
detaining runoff that contains sediment, there may be a need to eventually remove and replace

the base material when the infiliration is reduced to such a degree that the pavement is no {Form ey
b atted: a HE
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longer performing its job in storing and exfiltrating water. Periodic removal of sediment in the
openings will increase the surface infiliration rates. Vacuum type street cleaning equipment
without brooms and water spray action are the most effective at loosening and removing
sediment from the apenings. Typical mowing is necessary for the systems with grass planting
in the joints of honeycomb systems.

Recommended Inspection Schedule

The frequency of vacuum cleaning will depend on the use and sources of sediment brought to
the pavement openings. Vacuuming should be performed at least twice annually and sediment
depositions should be monitored for mare frequent vacuuming. Vacuuming will have the best
results when the sediment is dry, which means vacuuming during warm, dry weather,

References
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C1.3.6 Bioretention (Rain Garden)

Bioretention areas or rain gardens are shallow vegetated basins landscaped with natural
vegetation. They are typically small areas which are designed to handle extremes in moisture
and nutrient concentrations. -Rain gardens are designed to incorporate many of the poliutant
removal mechanisms that are found within natural ecosystems. Plant selection should be
diverse and utilize native species which are more tolerant to insects, disease, pollutants, and
climate changes. Aesthetically, bioretention areas have the appeal of an attractive garden, and
can support habitat for birds, butterflies and other local wildlife.

Bioretention can be effective in small residential areas and as part of larger storm water
management systems. Vegetation acis as both a filter and detention mechanism. Planis
absorb pollutants while the subsurface materials break them down. Detention voiumes are
created in the infiltration zone beneath the gardens. Properly designed infiltration areas will act
as a sponge and absorb runoff volumes. Rain gardens can either be under-drained or self-
contained depending on the sub-surface media characteristics. Both types are effective at
improving storm water quality, reducing peak runoff volumes, and facilitating infiltration.
Determining which type of rain garden to use for a given application depends on the volume of
runoff to be treated, existing soil conditions, available space, and budget.

Pollutant Removal / BMP Credit

- Application W HoR .
) ) Volume ;
Residential Yes Reduction Med / High
Groundwater .
Commercial Yes Recharge Med / High
. Peak Rate .
Industrial Yes Reduction Med / High
Redevelopment Yes BMR Crpa
Highway/Road Yes 2
Recreational Yes
{Sources: SEMCOG, 2008, iSWM, 2010, and ASCE, 2011)

This BMP s sublect to area weighting based on the percentage of area treated throughe
bioretention. See Chapter 10 for example calculations for area weighting, o

Design Specifications / Considerations

Bioretention areas are most effective when used to treat relatively small volumes of storm water
runoff. A typical ratio of impervious drainage area to bioretention is 5:1. Drainage areas
should not exceed one acre in total size. Bioratention design should be altered to fit varying site
requirements for infiliration, filtration, or a combination. General components of a bioretention
area include: Pretreatment, Flow Inlet, Ponding, Plant Material, Organic Material, Volume
Storage Beds, and Positive Outflow (SEMCOG, 2008). Flexibility in design allows bioretention
to be used for varying runoff voiumes and site conditions. Infiltration zones should be designed
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in such a way not to impact existing groundwater quality or threaten existing subsurface
structures. Table 1 provides typical setback distances for various lot elements.

Tabie 1; Sefback Distances :
Minimum distance (feet)

Setback from
Property Line 10
Building Foundation* 10
Private well 50
Public water supply well** 50
Septic system drain field*** 100

*Minimum with slopes directed away from building
*“*Minimum 200 ft from potable water wells
***50 ft for septic systems with a design flow of less than
1,000 gallons per day
{Source: SEMCOG 2008)

Typical infiltration rates should be greater than 0.5 inches per hour. For areas were existing
subsurface inflltration rates are less than 0.5 inches per hour, additional subsurface materials

{mulches, permeable soils, or under-drains) may be required.

The following . design

considerations should be utilized for bioretention areas.

Flow Entrance. Design should prevent soit erosion. Structural BMPs such as rip rap,
erosion control mats, and level spreaders should be used If necessary.

Positive Outflow System. Design should safely divert excess runoff. Overflow should
be routed in a non-erosive manner or into an existing storm sewer system.

Surface Area. Storage requirements should not exceed a ratio of 5:1 impervious area
to bioretention area. Maximum drainage areas should not exceed 1 acre and the total
volume from the area should be utilized by the bioretention area. Side slopes within the
areas should be gradual, (3;1 maximum)

Ponding Area. Areas need to provide sufficient storage volumes while maintaining
ponding depth requirements. Maximum ponding depth range from 6 — 18 inches,
dependant on vegetation characteristics.

Planting Soil Depth. Design depth should range between 18 fo 48 inches for
herbaceous plant species. Soil depth will be increase for larger vegetation such as trees
and large woody shrubs, Existing soil should be used when possible, but may required
modification to increase porosity.

Soils Type. Soil pH should range between 5.5 and 6.5. Ideal content of fines {clay)
should be less then 10 percent. Small amounts are beneficial for pollutant absorption.
Soils should also be free of poliutants and unwanted plant material. Organic content
should range between 5 to 10 percent. Additional organics may be added to increase
the cumulative water holding capacity.

Plant Selection. Proper plant selection is essential for the success of the bioretention
area. Native wetland and floodplain plants will be well suited for these areas. Specimen
plants in piug or gallon-potted form shall be planted at approximately 1 - 2 foot centers.
Tree and shrubs shouid also be incorporated within the areas.

Planting Seasons. Generally trees, shrubs, and other woody species should be
planted in the spring (April - June) or fall (September - November). Native seeding
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should be executed from October to June. Live specimens should be planted from April
through June. Landscape contractors should be used whenever available.

s Mulch. Mulch should be applied to a depth of 2 — 3 inches immediately following the
planting of trees and shrubs. Shredded and composted materials should be used for
mulching. Mulch depths shall not exceed 3 inches and should not be placed directly
against plant stems in order to allow adequate oxygen fiow.

« Storage, Infiltration, and Under-drains. If subsurface storage or infiltration beds are
used, they shall contain @ minimum of 6 inches of clean gravel material. Void space
ratios shall be approximately 40 percent. Gravel shoukd be contained in geotextile
fabric. If under-drains are used, diameters should be between 6 - 12 inches and pipes
must be perforated, and encased in clean, well graded gravel. Pipe flow capacities shall
be sufficient to handle total infiltration rates with minimum soil coverage of 18 inches.
Drain pipes should daylight to the surface or be corinected to a storm sewer system,

Operation and Maintenance

Properly design bioretention areas will require regular maintenance within the first 1 - 2 years
after installation. Less maintenance will be required ance perennial and native vegetation is
established. Watering should occur daily for the initial 2 - 3 weeks following installation. Newly
established specimens should be watered at a rate of 1 inch per week throughout the first
season. Watering schedules should be established as part of the landscape plan. Pruning and
weed removal should be done as needed while plants are being established. Weeds should be
removed by hand. Qrganic material should be removed as needed (typically twice a year and
by hand). Muich should be evened out if erosion takes place, and replenished every 1 — 2 years
(SEMCOG, 2008).

If drain time exceeds 48 hrs, clogged filter media should be replaced.

Recommended inspection Schedule

Replenish mulch, remove diseased and dead plants Twice annually
Initial 2 weeks
Daily watering following
completion
Mowing of turf grasses Monthly-
Inspect soil and repair eroded areas Monthly
Remove trash and debris Monthly
Replace tree stakes and supports Annually
(Source: SEMCOG 2008}
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Figure C1.3.6: Bioretention (Rain-Garden)
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Section View (NTS)
{Source: CRWR, 2011)
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c1.441 Dry Extended Detention Basin

Extended detention basins capture and temnporarily detain storm water runoff. They are intended
to serve primarily as settling basins for the solids fraction, nutrients attached to solids, and as a
means of limiting downstream erosion by managing storm water. Extended detention basins
may be constructed either online or offline. Extended detention basins are typically depressed
basins that temporarily store storm water runoff following a storm event and do not have a
permanent water pool between storm events. The outlet of a dry extended detention basin is
typically constricted to control the outiet from these pends. These basins must drain in no less
than 24 hours to ensure proper sediment removal and no more than 48 hours to prevent odor
and mosquito breeding.

The water quality benefits are the removal of sediment and buoyant materials. Furthermore,
nutrients, heavy metals, toxic materials, and oxygen-demanding materials associated with the
particles are also removed. Control of maximum runoff rates serves to protect drainage
channels below the basin from erosion and to reduce downstream fipading.

An extended detention basin can be used as a standalone BMP but can also be combined with
a secondary BMP such as a vegetative filter strip, an infiltration basin/trench or a bioretention
basin to provide additional pollutant removal and reegive a greater BMP credit. One of the main
advantages of extended detention basins is their adaptabilty. They can be used on areas with
thin solls, high evaporation rates, low-soil infiltration rates, in limited space areas, and where
groundwater is fo be protected. Dry extended detention basins are relatively easy and
inexpensive to construct and operate. These basins require an extended draw down time and
are controlled by an outlet orifice. If this orifice gets too small, it can get easily clogged and
effect the performance of the BMP. Therefore, it is not recommended that these basins be
designed to handie drainage areas less than three acres If necessary, these basins can also
provide flood control Refer to Construction Detail PC-43 for a schematic layout of a dry

extended detention basin

Poliutant Removal / BMP Credit

This BMP s subiect to_area weighting based on the percentage of area treated through dry

extended detention basins A maximum BMP Credit of 1.5 may be awarded for this BMP. See
Chapter 10 for example calculations for area weighting.

Design Specifications / Considerations

Dry extended detention basins work great to control the runoff for drainage basins larger than
three acres. Site constraints may limit the use of dry extended datention basins for sites larger
than 100 acres. They are very versatile and can be used in most situations where land is
available. Dry extended detention basins are one of the most cost effective structural post-
construction BMP. Dry extended detention basins can be used where insufficient land area and
runoff prevents the use of a wet pond. These basing provide great runoff control as the first part
of a treatment train. In most cases, it is possible to modify these basins to accommedate future
development by either lowering the bottomn of the basin or modifying the outlet structure.

There are limitations fo where a dry extended detention basin can be used. The contributing
area must be large enough to prevent the outlet orifice from becoming too small and potentially
clog. Also once a contributing area gets too large, the detention basin starts to lose
functionality. These basins require adequate drop from the inlet to the outlet. iIn situations
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where the land is too flat, it may not be possible to grade in a detention basin. Although these
basins are relatively simple, it does require proper construction to prevent ponding on the
bottomn of the basin and side bank erosion. Land constraints can also limit the applicability of a
dry extended detention basin.

It is essential that not only the required water quality volume is provided in the basin but also
that it is configured correctly. A correct configuration of the basin will create a long flow path
across the basin, This is established by maintaining a 2:1 length to width ratio for the basin. To
ensure that low velocities are maintained across the basin while avoiding stagnate areas, all
flows must enter the basin at the opposite end as the outlet structure. This long flow path and
low velocities will promote settling of debris and poliutants contained within the storm water
runoff. It is important o increase the size of the detention factlity by 20% of the required water
quality volume to accommodate the reduction in volume due to the accumuiation of debris
between maintenance activities. The typical depth of a detention basin is between 2 and 5 feet
but may be as deep as 8 feet.

A dry extended detention basin is comprised of two separate but connected basins. The first
basin is the sediment forebay and is where ali flows should enter the basin. If the detention
basin is designed as an offline facility it may be necessary to design a splitter structure at the
basin inlet to isolate the water quality volume and divert additional flows around the basin,
Flows that enter the basin should pass over or through an energy dissipater to prevent scour
and erosion at the inlet to the basin. This will also prevent re-suspension of accumulated
sediment. This forebay helps capture the larger sediment particles and is separated from the
rest of the basin by either a rock berm or a gabion wall. The sediment forebay should be sized
to capture 20% of the water quality volume. The main basin should be planted with vegetation
that is adaptable to periodic inundation. The main basin provides additional sediment removal
and some nutrient removal. The main basin should be designed with a low flow channel to help
facilitate low flows. This basin should also be sloped at 2-5% from the rock berm to the outlet to
prevent ponding water between storm events. it is beneficial to provide a vertical marker in the
basin to indicate when 10% of the design volume Is lost due to sedimentation, signaling time for
maintenance Side slopes of the basin should not exceed 3:1 horizontal to vertical slopes.

The outlet of the basin should be controlled with an orifice device that ensures proper drawdown
time. A typical outlet structure for an extended detention basin is a perforated riser pipe
wrapped in a filter fabric. The riser pipe should be enclosed in a trash rack to prevent clogging.

The extended detention basin should be vegetated for both aesthetic and performance
measures. As stated earlier, the plantings should be suitable for periodic inundation. It is also
recommended that a 6-8 inch layer of topsoil be part of the basin design. Top soil will promote
healthy vegetation growth and also enhance infiltration and water storage within the basin. A
native sod is recommended as a primary ground cover. Trees and shrubs can be used to
screen structural aspects of the basin and will aid evapotranspiration and basin floor drying.

Operation and Maintenance

Dry extended detention basins require periodic maintenance. The frequency of maintenance
depends on the frequency and depth of storms. These basins are composed of many
components and each has specific maintenance requirements.

All grass in the detention basin should be mowed at least twice annually and should be limited
to a height of 18 inches. More frequent mowing may be necessary for aesthetic purposes.
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Debris and litter should be removed prior to all mowing eperations. The vegetation and ground
cover must be maintained within the basin. Bare spots must be immediately revegetated upon
discovery and all apparent erosion within the basin and surrounding the inlet and outlet of the
basin must be corrected. All structural elements must be repaired or replaced if found
damaged. Standing water in the bottom of the basin creates habitat for nuisances such as
mosquitoes, odor and litter accumulation. These problems usually only occur if regular
maintenance and inspections are not performed. Dry extended detention basins are designed
to capture sediment. Sediment must be removed from the pond when it either reaches a
designated level or starts fo inhibit vegetation growth within the basin. Sediment also tends to
accumulate around the inlets and autlets of the basin. If not removed regularly, the function of
the basin may be compromised.

Recommended Inspection Schedule

Inspections to dry extended detention basins shouid be conducted at least twice annually and
one inspection should occur after a rain event to ensure proper functioning of the outlet
structure,
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c14.2 Stream Restoration

Stream restoration is the rehabilitation of degraded stream reaches to a close approximation of
its natural potential. Successful stream restoration requires an understanding of the causes of
degradation; specific knowledge of the stream’s current condition; and an understanding of the
stream’s most stable condition based on its valley type and flow characteristics. Knowledge of
stable stream characteristics are necessary to develop an effective design. Ideal design
characteristics should be determined through inspection of reference stream reaches within the
watershed or from smaller reaches in the region.

Pollutant Removal / BMP Credit

__ Application Starm Weler Qualiiy |
Residential Yes Volume Reduction Low
. Groundwater
Commercial Yes Recharge Low
. Peak Rate
Industrial Yes Reduction Low
. BMPCredt

Redevelopment Limited

Highway/Road Limited 2.5 (soft technigues)
1_{hard technigues)

Recreational Yes

(Sources: SEMCOG, 2008, iSWM, 2010, and ASCE_2011)

The totai length of degraded stream within the proposed development must be restored to
receive credit for this BMP__The assessment of stream condition must be prepared and certified

by a licensed professionai. A BMP Credit of 2.5 may be awarded when “soft technigues” are
used for resforation. A BMF of 1 may be granted when using “hard techniques”. Soft and hard

technigues are described below

Design Specifications / Considerations

Naturai “soft” restoration techriques should be used for streams that are set back from urban
areas. These techniques use natural materials {rock, vegetation, logs, efc.) to stabilized stream
banks, prevent streambed cutting, and restore a more natural, meandering pattemn (S-curve)
characteristic of stable streams. Long-term protection can be provided through the improvement
of the buffer zone adjaceni to the stream or river,

Areas where streambeds are bordering or within urbanized development may require
engineered “hard” restoration techniques. These technigues use engineered structures to
establish a secure stream bank and reduce velocities, where applicable. Hard techniques
typically consist of rock walls, rip rap, and concrete reinforcement. Example specific “Soft” and
“Hard techniques are listed below (Maryland DEP).
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Soft Technigues

Stone Toe Protection. Stone is installed along the base of the stream banks to protection
against heavy flows eroding the existing stream banks.

J-Hook. Rock is placed within the channel in a J-shape to divert water away from eroding
stream banks. Slots are placed in the hook portion to allow faster flows to pass through and
dissipate energy by forming scour poois.

Cross Vane. Lines of large stone or logs are strategically placed at an angle to direct flows
toward the center of the stream. Vanes prevent fast-flowing water from eroding existing banks
and maintain channel elevation. Scour pools form below the vane, creating pool habitat.

Grading and Planting. Stream banks are graded fo create gentle sloping steps to accommodate
flow events. Vegetation helps stabilize the sloped banks.

Step Pools. Large rocks are used fo create a series of stepped pools at outfall structures,
These pools dissipate high velocity storm flows prior to entering a stream

Brush Layering. Layers of live branch cuttings are installed iinearly along the stream bank.
Cuttings sprout new growth and the root systems stabilize the bank slopes.

Root Wads. Tree root clusters are anchored within stream banks to provide habitat for fish,
aquatic insects, and other wildlife. Root masses reduce stream flows, armor existing stream
banks, deflect high energy flows, form scour pools, and provide aquatic habitat.

Woody Debris. Logs and dead trees are used to create habitat for fish to repraduce and live.
Debris is anchored along stream banks to provide protection from erosion.

Mulch Planting. Selected reaches of stream banks are planted with vegetation to stabilize and
hold sediment in place.

Shallow Wetlands. Creation of shallow wetlands below storm water outfalls allow for water
quality treatment and provide natural habitat.

Cair logs. Constructed from biodegradable coconut fibers, coir logs provide a medium for
vegetation. They should only be used to protect less erosive stream reaches (Maryland DEP).

Hard Techniques

Gabion Walls. Stacked wire mesh baskets filled with smaller rock material, generally 5 — 8
inches in diameter. Typical basket dimensions are 36 inches by 36 inches and can be stacked
and connected as needed to achieve the design length and heights.

Gabion Mattress. Wire meshed baskets range in depth from 6 inches to 18 inches. Matiresses
are filled will smaller rock materiai, generally 4 — 6 inches in diameter.

Rock Pack and Flush Cuts. Rocks are packed in areas where stream flows have updercut
trees. (Maryland DEP)
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imbricaled Rip Rap. Loose rip rap is stacked to create a stone wall protecting stream banks
from further erosion. For high flow areas, rip rap may require grouting (Maryland DEP).

Articulating Concrete Blocks. A flexible concrete block revetment system which provides
erosion control and can be installed above or below normal pool elevations (NCMA).

Operation and Maintenance

Routine maintenance shouid be performed based on the BMP and techniques implemented.
Repairs to bank failures should be performed as needed. Most practices are ineffective at bank
stabilization unless maintained in proper working order (SEMCOG, 2008).

Recommended Inspection Schedule

Inspection of best BMP should be performed by persons familiar with the overail BMP function,
location, design specifications, and performance. Inspections shall be performed annually at a
minimum. Documentation of inspection should record the date of inspection, findings, and any
maintenance and repairs, if required

References
Maryland Department of Environmental Protection (DEP)

hitp:/Awww. montgomeryeountymd gov/department/DEPhome/water/streamrestorati
ontechniques. Montgomery County

National Concrete Masonry Association (NCMA).

hitp-/Aww.nema.orafArticulatingconcreteblock.

Southeast Michigan Council of Government. Low Impact Development Manual for Michigan: A
Design Guide for implementers and Reviewers. SEMCOG 2008.

United States Environmental Protection Agency (USEPA). April 2012. National Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012
<http:/icipub.epa.gov/npdes/stormwater/menuofbmps>
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Figure C1.4.2: Stream Restoration
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C1.4.3 Storm Water Wetland

Storm water or constructed wetlands are engineered systems that incorporate characteristics of
a wetland ecosystem. As storm water travels through the wetland, poliutants and other organic
materials are removed by settling and biological processes. Wetlands can be very effective at
removing pollutants from storm water discharges while providing natural wildlife habitat and
aesthetic appeal.

Storm water wetlands are applicable for flood control, erosion protection, and pollutant removal.
They can be applied in most regions throughout the United States, with the exception being arid
and semi-arid climates. :

Storm water wetlands differ from natural wetlands in that they are specificaily designed to treat
storm water discharges, and generally have less bicdiversity Natural wetlands shall not be
used as a substitute for storm water or constructed wetlands. Altering the hydrology of an
existing natural wetland can disrupt the natural ecosystem and biclogical processes that are
integral to wetlands survival. Natural wetlands should always be protected from adverse effects
of development, including increases in storm water discharges (SEMCOG, 2008).

Pollutant Removal / BMP Credit

Residential Yes Volume Reduction Low/Med
. Groundwater
Commercial Yes Recharge Low/Med
. Peak Rate
Industrial Yes Reduction Low/Med
Redevelopment Yes |7 BP Credit -
| Highway/Road Limited | - 2
Recreational Yes -

(Sources SEMCOG, 2008, iSWM, 2010, and ASCE, 2011)

This BMP Is subject to area weighting based on the percentage of area freated through the

Storm Water Wetland. A _meximum BMP Credit of 2 may be awarded for this BMP. See
Chapter 10 for example calculations for area weighting,

Design Specificatlons / Considerations

Constructed wetland design 1s largely dependant on site constraints as well as developer or
community preference. However, the following considerations should be incorporated in all
wetland design. .

Pretreatment

Pretreatment is used to remove larger, coarse sediment particles typically through settling.
Removing these particles prior to them reaching the permanent pool can significantly reduce the
maintenance requirements of the system. Typically, the sedimentation pond should be about 10
percent of the volume of the permanent pool. Sediment deposits will need to be removed
periodically to ensure the sedimentation pond functions properly.
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Treatment
Treatment design features can enhance the ability of the wetland to remove pollutants. The

purpose of most treatment features is to decrease the discharges through the wetland. Typical
treatment features include:

¢ lLarge surface area. The surface area of a wetland should be at least 1 percent of the
contributing drainage area.

» Length-to-width ratio equal to or greater than 1.5:1.0. This will help prevent “short
circuiting”.

* Variable water depths. Wetlands should consist of very shallow (<6 inches) to
moderately shallow (<18 inches) water zones. Varying the water depths throughout the
wetland will increase the travel time, allow for further settling of particles and plant
diversity.

Conveyarnce )
Storm water should be safely conveyed into and from a wetland such that the potential for

erosion Is minimized. All outfalls should be stabilized to prevent scour. An emergency spillway
may be required for larger storm events.

Maintenance Reduction

Wetlands should be designed to incorporate technigues which will reduce the overall
maintenance burden. For example, reverse-slope pipes or weir structures can be used for
outlets to reduce clogging from debnis. “Micro pools” can also be used at the outlet to prevent
clogging. A drain should also be installed on the permanent pool for periodic dredging. Design
features can also be used fo reduce maintenance of the sedimentation area and main pool,
Maintenance access should be designed for all features within the wetland.

Landscaping
Landscaping within wetlands can create aesthetic appeal for communities and adjacent

development, while enhancing the pollutant removal capacity. Detailed landscaping plans
should provide information on plant specwes, planting schedules, and maintenance
requirernents. Plans should detail wetland plants as well as vegetation for adjacent areas.
Native plants should be used when possible. Soils from constructed wetlands can be used to
supplement live potted plants and create a natural seed bank. Mulch can also be used to
establish wetland vegetation, as the native wetland plant seeds can be incorporated within the

mulch (USEPA, 2012).
Operation and Maintenance

Regular maintenance and inspection will be needed in addition to permanent incorporated
features. Table 1 outlines these practices.
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Recommended Inspection Schedule

Table 1: EPA Regular Maintenance Recommendations for Wetlands

Activity

Schedule

Replace wetland Vegetation after 2nd growing season, maintain a
minimum of 50% of surface area coverage.

One-Time

Remove invasive vegetation where possible

Semi-Annual Inspection

Inspect outlet! inlet structures for damage and debris Annually
Inspect for signs of hydrocarbon contamination Annually
Monitor for sediment accumulation Annually
Repair erosion, undercut, and short circuit areas As Necessary
Mowing of adjacent side slopes 3-4 timesfyear

Supplement areas if plant are have not established

Annually (if needed) .

Remove pretreatment debris and sedimentation

Annually (if needed)

Removed sediment form main pool when volume is significantly
reduced and wetland becomes eutrophic

20 to 50-year
maintenance

References

North Central Council of Governments. /SWM Technical Manual: Landscape. April. 2010. Web.

29 March. 2012.

<http://iswm.ncteog.org/Documents/technical manual/Landscape 4-2010b.pdf>.

Southeast Michigan Council of Government. Low Impact Development Manual for Michigan: A

Design Guide for Implementers and Reviewers. SEMCOG 2008.

United States Environmental Protection Agency (USEPA). April 2012. National Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012
<http://efpub.epa.gov/npdes/stormwater/menuofbmps>.

Cc-72
| Draft — For Review

A Formatted: Left, Tab stops: 1", Left




Figure C1.4.3: Storm Water Wetland
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Section View for Typical Storm Water Wetland
(Source: ISWM Technical Manual, Landscape)
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C1.4.4 Vegetated Swales

Vegetated swales are grass iined channels that convey storm water and remove pailutants by
filtration through grass and infiltration through soil. They require shallow slopes and soils that
are well drained. Pollutant removal capability is related to channel dimensions, longitudinal
slope, and type of vegetation. Design of these components should promote an extended contact
time of runeff through the swale to improve pollutant removal rates.

Although vegetated swales are primarily used as storm water conveyance systems, they can
provide a water quality benefit for smafler storms, but their ability to control large storms is
limited. Therefore, they are most applicable in low to moderate sloped areas or along highway
medians as an altemnative to diiches and curb and gutter drainage. Thelr performance
diminishes sharply in highly urbanized settings, and they are generally not effective and suitable
to control construction runoff. Grassy swales can be used as a pretreatment measure for other
downstream BMPs, such as extended detention basins. Vegetated swales can utilize check
dams and wide depressions to increase runoff storage capacity, hydradlic retention time and
promote greater settling of poliutants. A cross-section of a vegetated swale is presented in the
Killeen Construction Detail PC-35.

Vegetated swales are more aesthetically pleasing than concrete or rock-lined drainage systems
and are generally less expensive to construct and maintain. Swales can reduce impervious area
and reduce the pollutant accumulation and delivery associated with curb and gutters. The
disadvantages of this technique include the possibility of erosion and channelization over time,
and the need for more right-of-way as compared to a storm drain system. When properly
constructed, inspected, and maintained, the life expectancy of 2 swale is estimated to be 20
years,

Pollutant Removal / BMP Credit

| This BMP is subject to area weighting based on the percentage of area treated through
| Vegetated Swaies. A maximum BMP Credit of 1 rray be awarded for this BMP. See Chapter

10 for exarnple calculations for area weighting

Design $pecifications / Considerations

Swales have a comparable performance to wet basins but are limited to treating a few acres.
The suitability of a swale at a site will depend on land use, size of the area serviced, soil type,
slope, imperviousness of the centributing watershed, and dimensions and slope of the swale
system. In general, swales can be used to serve areas of less than 10 acres, with slopes no
greater than 5%. The seasonal high water table should be at least 4 feet below the surface. Use
of natural topography is encouraged and natural drainage courses should be regarded as
significant local resources to be kept in use. Research indicates that vegetated controls are
effective at removing pollutants even when dormant. Therefore, irrigation is not required to
maintain growth during dry periods, but may be necessary only to prevent the vegetation from

dying.

Swales make it difficult to avoid channelization where unwanted. They cannot be placed on
steep slopes, and the area required may make swales impractical in densely populated areas.

The topography of the site should permit the design of a channel with appropriate slope and
cross-sectional area as depicted in Construction Detail PC-35. Site topography may also dictate
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a need for additional structural controls. Recommendations for longitudinal slopes range
between 0.5 and 2.5 percent. Flatter slopes can be used, if sufficient to provide adequate
conveyance. Steep slopes increase flow velocity, decrease detention time, and may require
energy dissipating devices and grade checks. Steep slopes can be managed using a series of
check dams to terrace the swale and reduce the slope to within acceptable limits. The use of
check dams within swales promotes infiltration.

Swales are one of the least expensive storm water treatment options and cost less to construct
than curb and gutter drainage systems.

The swale should have a length that provides a minimum hydraulic residence time of at least 9
minuies. The maximum bottom width is 10 feet. The depth of flow should not exceed 4 inches
during a 1 inch/hour storm. The channel slope should be at least 0,.5% and ne greater than
2.5%. The swale can be sized as both a treatment facility for the design storm and as a
conveyance system to pass the peak hydraulic flows of the {00- year storm If it is located “on-
line.” Typicailly swales should be a trapezoidal shape with a bottom width no greater than 10’
and side slopes no steeper than 3:1 (H:V). Roadside ditches should be regarded as significant
potential swale/buffer strip sites and should be utilized for this purpose whenever possible. If
flow is to be introduced through curb cuts, place pavement slightly above the elevation of the
vegetated areas. Curb cuts should be at least 12 inches wide to prevent clogging. Swales must
be vegetated in order to provide adequate treatment of runoff. It is impaortant to maximize water
contact with vegetation and the soil suiface. For general purposes, select fine, close-growing,
water-resistant grasses such as Bermuda grass. Swales should be designed to not receive
construction runoff unless first routed through a sedimentation basin. If a swale must receive
untreated construction runoff then it may be necessary to remove the accumulated sediment
immediately after construction and vegetation is established.

Operation and Maintenance

Maintenance for vegetated swales is minimal and is largely aimed at keeping the grass cover
dense and vigorous A minimum of 80% vegetated cover is recommended. Maintenance
practices and schedules should be developed and included as part of the original plans to
alleviate raintenance problems in the future. Recommended practices include:

s Pest Management. A Pest Management Plan should be developed for vegetated areas.
This plan should specify how problem insects and weeds will be controlled with minimal
or no use of insecticides and herbicides.

« Seasonal Mowing and Lawn Care. Lawn mowing should be performed roufinely, as
needed, throughout the growing season Grass height shouid be maintained at 2 inches
above the design water depth. Grass cuttings should be collected and disposed offsite,
or a muiching mower can be used. Regular mowing should also inciude weed control
practices; however, herbicide use should be kept to a minimum. Healthy grass can be
maintained without using fertilizers because runoff usually contains sufficient nutrients.

= Debris and Litter Removal. Trash tends to accumulate in swale areas, particularly along
highways. Any swale structure (i.e. check dam) should be kept free of obstructions to
reduce floatables being flushed downstream, and for aesthetic reasons. The need for
litter removal is determined through periadic inspection, but should be performed no less
than two times per year.

s Sediment Removal. Sediment accumulation near culverts and in channels should be
removed when they build up to 3 inches at any spot, or cover vegetation. Excess
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sediment should be removed by hand or with flat-bottomed shovels. If areas are eroded,
they should be filled, compacted, and reseeded so that the final grade is level with the
bottom of the swale. Sedimant removal should be performed periodically, as determined
through inspection. Depending on the type of pollutants accumulated, some sediment
may be considered hazardous waste or toxic material, and are therefore subject to
restrictions for disposal.

» Grass Reseeding and Mulching. A healthy dense grass should be maintained in the
channel and side slopes. Grass damaged during the sediment removal process should
be promptly replaced using the same seed mix used during swale establishment. If
possible, flow should be diverted from the damaged areas until the grass is firmly
established.

e FPublic Education. Private homeowners are often responsible for roadside swalé
maintenance. Unfortunately, overzealous lawn care on the part of homeowners can
present some problems. For example, mowing the swale too close to the ground, or
excessive application of fertilizer and pesticides will be detrimental to the performance of
the swale. Pet waste can aiso be a problem in swales, and should be removed to avoid
contamination from fecal coliform and other waste-associated bacteria. The delegation
of maintenance responsibilities to indvidual landowners 1s a cost bensfit to the
municipality. However, the city should provide an active educational program to
encourage the recommended practices.

Recommended Inspection Schedule

Inspect swales at least twice annually for erosion or damage to vegetation; however, additional
inspection after periods of heavy runoff is most desirable. The swale should be checked for
uniformity of grass cover. debris and litter, and areas of sediment accumutation. More frequent
inspections of the grass cover during the first few years after establishment will help to
determine if any problems are developing, and to plan for long-term restorative maintenance
needs. Bare spots and areas of erosion identified during semi-annual inspections should be
replanted and restored to meet specifications. Construction of a level spreader device may be
necessary fo reestablish shallow overland flow.

References

United States Environmental Protection Agency (USEPA). April 2012. National Pollution
Discharge Eilimination System (NPDES), Office of Water, 25 Jun. 2012.

<http.//cfpub.epa.gov/npdes/stormwater/menuofbmps:>,

Barrett, Michael E. Ph.D, P.E. Texas Commission an Environmental Quality, Field Operations

Division, Complying With the Edwards Aquifer Rules: Technical Guidance for Best

Management Practices RG-348, Texas, 2005,

City of Austin, Environmental Criteria Manual, American Legal Publishing Corporation,
Cingcinnatl, Ohio, 2012,
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C1.4.5  Multi-Purpose Detention Areas

Muiti-purpose detention areas are storage areas which have been designated for multiple uses
in addition to storm water detention. Typicaily these detention structures are not designed to
directly improve water quality, however, the detention they provide can lead to water quality
improvements downstream in the watershed. Multi-purpose detention areas are commonly
used as parking lots, athietic fields, public parks, and recessed common space areas. These
areas will normally be dry between storm events and should be designed in a way that allows
normal use the majority of the time. Detention areas should not be used for extended detention
and will require connections to other structural controls if water quality improvement is desired.
Basins have the ability to be located upstream and downstream of other water quality controls
(SEMCOG, 2008).

Pollutant Removal / BMP Credit

Application. = Stairy dy £
Residential Yes ' R\égll.:jc;tr}gn Moderate
Commercial Yes G:;:::hda\.::;er Moderéte

Industrial Limited ;Z?it?tﬁ:tr? Moderate
Redevelopment Yes o BMP Credit P
Highway/Road No 15

Recreational Yes

{Sources: SEMCOG, 2008, ISWM, 2010, and ASCE, 2011)

This BMP is subject to area weighting based on the percentage of area treated through Multi-

Purpose Detention Argas. A maximum BMP Credit of 1.5 may be awarded for this BMP. Sge

Chapter 10 for example calculations for area weighting.

Design Specifications / Considerations

Generally, multi-purpose detention areas should be designed to provide temporary storage of a
portion ar possibly all of the peak design discharge. In many cases, they should adequately
reduce post-project peak discharges to pre-project conditions. Routing calculations should be
used to determine the storage volume achieved by a given detention basin. In addition to
detention requirements, multi-purposed detention should produce other community or regional
benefits such as reduced public safety risks and reduced potential of property damage while
mirimizing the inconvenience to the facility's primary use. Emergency spillways should be
installed to handle peak discharges produced by larger events. Care should be taken to ensure
spillways do not adversely impact downstream property owners or the receiving conveyance
system.

Parking lot detention areas are implemented in areas where a significant portion of the drainage
basin is paved or impervious, Parking lot detention is primarily used in two different ways: 1)
using ponding areas along raised curbs to create storage volume, and 2} through depressions
created around drop inlet locations. Maximum storage depths for parking lot basins should be
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no more than 12 inches for the 1% annual chance storm event. Fire lanes and emergency
access should be elevated above the maximum ponding elevation. Ponding depths are typically
achieved using raised inlets.

Athletic fields, usually football, soccer, or track and field facilities, can be used to provide greater
volumes of storm water detention. Volumes can be created by constructing berms or dikes
around the perimeter of the fields and discharges can be controlled through the use of weirs,
culverts, or storm sewer inlets. Fields should be graded in such a way {o provide positive
drainage towards the outfall structure{s).

Public parks and common space areas are most effective in high-density developments. Public
plazas and parks can be recessed to provide detention of peak discharges for local areas.
These areas should be designed to flood no more frequently than twice per year (ARC 2001).

Operation and Maintenance

Operation and maintenance requirements for multi-purpose detention areas are fargely
dependent on the normal use of the facility Regular mowing and landscaping should be
maintained according to the facility's maintenance schedule. Debris should be removed from
ponding areas to reduce the risk of clogging outlets and improve overall aesthetics. Sediment
deposits will need to be removed, and any erosion that takes place during storm events should
be repaired immediately. All structural controls should be maintained regularly (ARC 2001).

Recommended Inspection Schedule

L Actvity |  Schedule
Clear trash and debris from ponding areas ?:r;:as“t!gr;oggﬂ:sg
Remove sediment deposits Asi:sepe:;%g &
Repair and re-vegetate ercded areas Asinnsepeedc?ictl)ger
Repairs to structural controls Asir:'sepid;% r;l)er‘
Routine facility maintenance As required

Based on Georgia Stormwater Management Manuat (Volume 2), ARC 2001

References

Atlanta Regional Commission (ARC). Georgia Stormwater Management Manual, Technical

Handbook. Vol. 2. 2001. hitp://iwww.qeorgiastormwater.com.

Southeast Michigan Council of Government. Low impact Devefopment Manual for Michigan: A
Design Guide for Implementers and Reviewers, SEMCOG 2008.
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United States Environmental Protection Agency (USEPA). April 2012. Nafional Pollution
Discharge Elimination System (NPDES), Office of Water, 25 Jun. 2012.

<http://cfpub.epa.govinpdes/stormwater/menugfpmps:>.
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Figure C1.4.5: Multi-Purpose Detention Areas
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C1.4.6 Enhanced Swales

Enhanced swales are vegetated open channels that are designed fo capture, treat and convey
storm water runoff. Enhanced swales differ from vegetated swales in regard to the subsurface
of the swale bottom. An enhanced swale provides a subsurface filter media layer in which
filtration and infiltration is promoted. Enhanced swales have an increased capacity compared to
vegetated swales. There are two types of enhanced swales. The first type uses a soil
amendment to increase the absorption rate of the soil and promote biological activity. This type
of enhanced swale is called a dry swale. The soil amendments can include rice hulls or other
recycled agricuitural products, tumbled glass that has been recycled and crushed to a sand
consistency, or a compost tea (mycorrhiza) that will promote biclogical activity. This media
layer within an enhanced swale is similar to those in rain gardens and bioretention basins but is
typically shallower. The second type of enhanced swale uses wetland plants to increase water
absorption and filtration within the swale. The goal of an enhanced swale is to aliow the soils to
soak up more runoff than native soils. An enhanced swale not only provides water quality
treatment for storm water runoff, but also provides minimal flood control because of the
increased capacity in the swale for water absorption. Enhanced swales have the ability to
remove sediment, nutrients and metals from storm water runoff.

Pollutant Removal / BMP Credit

This BMP is subject to area weighting based on the percentage of area treated through
Enhanced Swales. A maximum BMP Credit of 2 may be awarded for this BMP. See Chapter

10 for example caleutations for area weighting

Design Specifications / Considerations

Enhanced swales can be used in & variety of situations. An advantage of an enhanced swale is
that they offer both storm water conveyance and treatment. Velocities within the swale must be
kept to a minimum so the slopes within the swale must keep to less than 4%. These limited
slopes and low velocities promote debris and sediment to settle. Check dams can also be
included in the swale design to further decrease velocities and promote infiltration. Because of
the low velocities, the potential for erosion and scour ¢an be limited. |n steeper environments, it
may not be possible to design a swale. Swales are typically less expensive to construct than
curb and gutter but also have greater maintenance requirements than curb and gutter. Wet
swales have a potential for odors and mosquitoes and a nuisance control plan must be
developed with a wet swale. Swales do not provide flood control and other measures must be
included to reduce the post developed peak flows.

Enhanced swales should be designed to capture the entire water quality volume calculated for
the site. Swales have a maximum capacity to freat a drainage area of 10 acras. The bottom
width of enhanced swales should be between 2 to 8 feet.

Dry Swales can be designed to work with existing landscaping. Dry swales required minimal
maintenance. Dry swales discourage long standing water between storms. The bottom of a dry
swale should be at least three feet above the groundwater levels. Dry swales should not be
placed within 10 feet of any structure. Ponding in the swale should be limited to 18 inches. If
necessary a dry swale can incorporate an under-drain beneath the permeable soil to promote

drainage.
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Wet swales are designed to retain water and support wetland vegetation and therefore heed to
be constructed in an area with a high water table or poorly drained soils. Since the areas within
the wet swale remain wet there is a higher potential for erosion during higher storm events. Wet
swales should not be placed within 10 feet of any structure.

Operation and Maintenance

Enhanced swales need to be mowed at least twice a year to keep the grass within the swale to
less than 18 inches. Swales need to be kept free of weeds. In a wet swale all plantings must be
maintained and replaced if necessary. All swales must be inspected for signs of erosion and
scouring and be corrected if found. Sediment and debris should be removed from the swales.

Recommended Inspection Schedule

Enhanced swales should be inspected at least twice annually and one inspection should occur
after a storm event to determine if the swales are functioning properly.

References

North Central Council of Governments. /SWM Technical Manual: Site Development Controls.
April. 2010. Web. 29 March. 2012,
<http:/fiswm.ncteoq.org/Documentsftechnical manualiSite Development Controls
4-2010b.pdf>.

United States Environmentai Protection Agency (USEPA). April 2012. National Pollution
Discharge Elimination System {NPDES), Cffice of Water, 25 Jun. 2012.

<hitp://cfpub.epa.gov/inpdes/stormwater/menuofbmps>.
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C1.4.7 Wet Pond

Wet ponds are basins that have a permanent pool that provide water quality controls in the form
of sediment, biological oxygen demand, organic nutrients and trace metal removal from storm
water runoff. They are typicaily designed as on-line systems and if desired can also provide
storm water detention and flood control. City of Killeen Construction Detail PC-44 illustrates a
typical system. Wet ponds can also provide recreational and aesthetic benefits since they are

designed with a permanent pool.

It is important to maintain the permanent water surface elevation within the wet pond to maintain
vegetation along the bank and keep the functionality of the pond. For all sites, a water balance
study with local rainfall data must be performed to determine if the typical storms throughout the
year will maintain the permanent pool water surface elevation. it has been found that wet ponds
are not suitable for drainage areas of less than 10 acres or possibly more depending on site
conditions. If storm water runoff will not be sufficient fo maintain the permanent pool, an
additional source of water must be used. Although evaporation is a major component in water
loss, another key element is infiltration and seepage into the ground. For this reason, it is
recommended that an impermeable liner be used around the banks of the pond. Two common
types of liners are clay and geomembrane. Vegetation is an integral part of a wet pond. The
vegetation around the banks of the pond must be maintained to ensure proper function. An
improperly maintained wet pond can lead to stagnant water, floating debris, odors and insects.

Pollutant Removal / BMP Credit

This BMP is subject to area weighting based on the percentage of area treated through Wet
Ponds. A maximum BMP Credit of 2 may be awarded for this BMP. See Chapter 10 for
| example calculations fof area weighting.

Design Specifications / Considerations

Considerations
Wet ponds have a high capacity for sediment and nutrient removal, They also have the

capacity to treat large contributing basins. Wet ponds provide the benefits of both passive {bird
watching) and active recreation {fishing, boating) if desired.

Whenever standing water is present in this climate, there is a concern about mosquitoes. Wet
ponds are typically stocked with gambusia to help control this potential nuisance. Wet ponds
cannot be constructed on steep slopes. In some cases, where there is no available makeup
water, the more arid regions cannot sustain a pond with a permanent water surface elevation.
In dense development areas there may not be enough land to accommodate a wet pond.

Wet ponds are one of the more expensive post-construction BMPs to construct and maintain,
This cost may be offset if the basin is also used for detention and eliminates the needs for a
separate detention basin. Maintenance operation can also be expensive. Since the pond must
be drained for sediment removal, the wetland vegetation could be lost in that process and must

be replaced.

Design Specifications
The pond must be sized properly for proper function. The wet pond needs to be designed for
two or three different water volumes depending on whether the pond will provide flood control.

First, the water quality volume for the treatment basin must be calculated. The water quality { Formatted: Lef, Tab stops: 17, Left
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volume plus an additional 20% of the water volume (to accommodate sediment accumulation)
will equal the total volume of the permanent peool. In addition to the permanent pool volume, the
water quality volume must be stored above that elevation. If the pond is to be used for flood
confrol, the required volume must be stored above the water quality water surface elevation.

A wet pond needs to be configured with two separate but connected stages, a sediment forebay
and a main pool. The pond must not have a length to width ration of less than 1:1. The basin
should also be wedge shaped being narrowest at the inlet and widest at the outlet. This
configuration will help prevent short-circuiting of the pond. The sediment forebay and the main
pool are to be separated by a berm or wall with a top elevation 0.5’ below the permanent pool
elevation. An equalizer pipe must also be designed in the separator wall at the mid-height of
the permanent pool. This will allow the water surface between the sediment forebay and the
main pool to remain the same even if the permanent pool elevation drops below the top
elevation of the separator wall. All flows into the pond must enter into the sediment forebay.
This sediment forebay must be designed to capture 20% of the water quality volume and be at
least three feet deep. The main pool should be between 4-6 feet deep and no greater than 8
deep. Since the wet pond will impound & large amount of water, the pond embankments should
be designed to applicable dam design standards.

The pond should have maximum side slopes of 3:1 (hv). A vegetated bench should be
provided around the perimeter of the permanent pool. The maximum slope of the vegetated
bench should be a 5:1 (h:v) slope and extend inward from the permanent poal elevation 10"
For safety purposes, flat benches with no greater than 3% slope and 10’ wide should be
provided at the maximum pool elevation outward. An emergency spillway must also be
provided in the pond to pass flows if the outflow structure gets clogged.

Separate oulfflow structures must be designed for the water quality volume and the detention
volume if the pond provides flood control. The outlet structure for the water quality volume must
be designed to drain the pond to the parmanent pool in 24 hours. The outflow can be controlled
with an orifice piate. A typical configuration for an outlet structure can be seen below.
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A separate drain should be provided in order to drain the pond for maintenance. This drain
should have a valve that can be accessed during storm events. If a drain cannot be provided in
the pond configuration because of site constraints, a pump will have to be used to drain the
pond,

if the wet pond will be used for water quality and not flood control, a splitter box will be
necessary at the inlet to the pond to isolate the water quality volume and bypass any flows
greater than the water quality volume.

As stated previously, vegetation is an integral part of 2 wet pond. Vegetation is used both to
stabilize the siopes of the pond and to create a wetland habitat along the vegetative bench.
This bench provides both filtration and nutrient absorption. Suitable plants should be used for
this application based on the depth of water in which it will reside. The City of Austin
Environmental Crieria Manual provides a tharough plant list and planting schedule that can be
easily translated to the Killeen climate.

It is important to provide erosion protection at the inlet and outlet of the ponds to reduce local
scour and erosion. Most wet ponds drain directly into natural channels and the outlet of the
pond should be protected to the intersection of the outlet and the channel.

Operation and Maintenance

In order to provide for maintenance activities, site access must be provided to both the sediment
farebay and main pool. Maintenance ramps must be provided at a slope of no greater than 4:1.
A majority of the access ramp will be underwater at most times so they must be constructed of a
material that will withstand a submerged condition. Staging areas are needed for maintenance

activities.
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Al side slopes within the pond embankments should be mowed at least twice annually and the
height of the turf should not exceed 18 inches. More frequent mowing may be necessary for
aesthetic purposes. There are many aspects of the wet basin that require regular inspections.
The embankments must be checked for erosion, cracking, leaking and unwanted vegetation
growth. Both the inlet and outlet must be checked for clogging and structural damage.
Clogging must be corrected and structural damage must be repaired fo prevent further damage.
The vegetation within the pond must be checked for bare areas and dead specimens. All bare
areas must be reestablished and all dead plants should be replaced. All debris and litter should
be removed from the basin. Floating debris must be removed from the inlet and outlet areas.
Once the sediment at the bottom of the pond accumulates to displace 20% of the permanent
pool volume, the sediment must be removed. This requires draning the pond and is typicaily
not necessary more than every 10 years. Nuisance contro! is a component of wet pond
maintenance.

Recommended Inspection Schedule
inspections should occur at least twice per year. One of these inspections should occur after a
storm event to ensure pand and outlet structures are functioning properly

References

Barrett, Michael E. Ph.D, P.E. Texas Commission on Environmental Quality, Field Operations
Division, Complying With the Edwards Aquifer Rules: Technical Guidance for Bost
Management Practices RG-348, Texas, 2005.

United States Environmental Protection Agency (USEPA). April 2012. National Pollution
Discharge Elimination System {(NPDES), Office of Water, 25 Jun. 2012.

<http:/icfpub epa.gov/npdes/stormwater/menuotbmps>.
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DEFINITIONS

ACCEPTABLE QUTLET - That point where storm water runoff can be released into a
watercourse or dralnage way of adequate capacity without causing scour or erosion.

ALLUVIAL FAN - A sloping, fan-shaped mass of sediment deposited by a stream where it
emerges from an upland onto a plain.

ALLUVIUM - A general term for all detrimental material deposited or in transit by streams,
including gravel, sand, silt, clay and all variations and mixtures of these. Unless otherwise
noted, alluvium is unconsolidated.

ALTERATIONS - Cutting, filing, widening, bypassing, channelizing, stabilizing or élearing
vegetation in a floodplain.

ANNUAL -A plant that lives and grows for only one (1) year or season, during which the life
cycle is completed.

APRON - A floor or lining to protect a surface from erosion; for example, for the pavement
below chutes, spillways or at the toes of dams.

BASE FLOW - The stream discharge from ground water accretion.
BERM - A shelf that breaks the continuity of a slope.

BUFFER AREA - A landscape area on a lot, situated between all street views and all vehicles,
structures and areas to be buffered from those views.

BUFFERING - The use of landscaping (other than mere grass on flat terrain) or the use of
landscaping along with berms, walls or decorative fences that at least partially and periodically
obstruct the view trom the street, in a continuous manner, of vehicular use areas, parking lots
and their parked cars and detention ponds.

CALIPER - The diameter of an installed tree measured six () inches above ground leve! for
small trees (four (4) inches diameter or less) at time of planting; measured at 12 inches above
ground level for farge trees (greater than four (4) inches diameter). The caliper of instalied multi-
stemmed trees is determined by adding the full diameter of the [argest stem to half the diameter
of each additional stem

CANOPY COVER - That geographic area covered by the vertical projection of the drip line or
outer branches of a tree or group of trees in a woodland tract, which may be measured directty
from aerial photography and/or measured for all trees at least 30 feet in height.

CATCHMENT AREA - The area, defined by topographic relief, which drains to a point récharge
or critical environmental feature.

CHANNEL - An existing natural water course or a manmade water course designed to meet
specifications contained in the City of Killeen Current Drainage Design Manual Appendix C.

{ Formatted: Left, Tab stops: 17 Left

c-87
| Draft— For Review -




CHANNEL IMPROVEMENT - The improvement of the flow characteristics of a channel by
clearing, excavation, realignment, lining or other means in order to increase its water carrying

capacity.

CHANNEL STABILIZATION - Erosion prevention and stabilization of distribution In a channel
using jetties, drops, revetments, structural linings, vegetation and other measures.

CHECK DAM - A small dam constructed in a gully or other small watercourse to decrease the
stream flow velocity (by reducing the channel gradient), minimize channel scour and promote
deposition of sediment.

CLAY {SOILS)

a. A mineral soil separate consisting of particles less than 0.002 millimeter in equivalent
diameter.

b. A soil texture class.

¢. (Engineering) A fine grained soil (more than 50 percent passing the Number 200 sieve) that
has a high plasticity index in relation to the liquid limit {(Unified Soil Classification System).

COMPACTION - To unite firmly. With respect to construction work with soils, engineering
compaction is any process by which the soil grains are rearranged to decrease void space and
bring them into closer contact with one angther, thersby increasing the weight of solid material
per unit of volume, increasing the shear and bearing strength and reducing permeability.

COMPOST - A mixture of vegetable refuse, manure or other organic matter which has gone
through a decaying process.

CONDUIT - Any channel intended for the conveyance of water, whether open or closed.
CONTOUR

a. An imaginary line on the surface of the earth connecting points of the elevation.

b. A line drawn on a map connecting points of the same elevation.

CREST

a. The top of a dam, dike, spillway or weir, frequently restricted to the overflow portion.
b. The summit of a wave or peak of a flood.

CROWN - Branch structure of a tree.

CROWN (OF SLOPE) - Top of slope, apex.

CRUSHED STONE - Aggregate consisting of angular particles produced by mechanically

crushing rock. { Formatted: Left, Tab stops: 17, Left
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CUT - Portion of land surface or area from which earth has been removed or will be removed by
excavation; the depth below original ground surface to excavated surface.

CUT-AND-FILL - Process of earth moving by excavating part of an area and using the
excavated material for adjacent embankments or fill areas.

DAM - A barrier to confine or raise water for storage or diversion, to create a hydraulic head, to
prevent gully erosion or for retention of soil, sediment or other debris.

DEBRIS - Broken remains of plants, objects and rocks that form trash or remains.
DECIDUOUS - Plants that shed their leaves annually, as opposed to evergreen.

DEPOSITION - The accumulation of material dropped because of a slackening movement of
the transporting agent, water or wind.

DETENTION DAM - A dam constructed for the purpose of temporary storage of stream fiow or
surface runoff which releases the stored water at controlled rates.

DRAIN {VERB}

a. To provide channels, such as open ditches or closed drains, $o that excess water can be
removed by surface flow or internal flow.

b. To lose water (from the scil) by percolation.

DRAINAGE

a. The removal of excess surface water or ground water from land by means of surface or
subsurface drains

b. Soil characteristics that affect natural drainage.

DRAINAGE AREA (WATERSHED) - All land and water from which runoff may run to a
common (design} point,

EMERGENCY SPILLWAY - A dam spillway designed and constructed to discharge flow in
excess of the principal spillway design discharge.

ENERGY DISSIPATER - A designed device, such as an apron of riprap or a concrete structure,

placed at the end of a water-transmitting apparatus, such as a pipe, paved ditch or paved chute,
for the purpose of reducing the velocity, energy and turbulence of the discharged water.

ERQSION

a. The wearing away of land surface by running water, wind, ice or other geological agents,
including such processes as gravitational creep.
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b. Detachment and movement of soil or rock fragments by water, wind, ice or gravity. The
following terms are used to describe different types of water erosion:

Accelerated erosion - Erogion much more rapid than normal, natura! or geologic erosion,
primarily as a result of the Influence of the activities of man or in some cases of other animals or
natural catastrophes that expose base surfaces; for example, fires. ’

Gully erosion - The erosion process whereby water accumulates in narrow channels and over
short periods removes the soil from this narrow area to considerable depths, ranging from one
{1} or two (2) feet to as much as 75 to 100 feet (see gully).

Rill erosion - An erosion process in which numerous small channels only several inches deep
are formed (see rill).

Sheet erosion - The removal of a fairly uniform layer of soil from the land surface by runoff
water.

Splash erosion - The spattering of small soil particles caused by the impact of raindrops on wet
soils. The loosened and spattered particles mey or may not be subsequently removed by
surfaces runoff.

ESTHETIC (AESTHETIC) - Pleasing fo lock at.

EXISTING TREE - A tree which exists on a site or easement prior to any development or
disturbance.

FACILITY - A building or buildings, appurtenant structures and surrounding land area used by a
person at a single location or site.

FILTER STRIP - A strip of permanent vegetation above ponds, diversions and other structures
to retard flow of runoff water, causing deposition of transported material, thereby reducing
sediment flow.

FLOODPLAIN - The land area adjacent to a waterway necessary 1o contain & 1% annual
chance flood under fully developed conditions in accordance with City of Kileen Current
Drainage Design Manual.

FREEBOARD (HYDRAULICS) - The vertical distance between the maximum water surface
elevation anticipated in design and the top of retaining banks or structures. Freeboard is
provided to prevent overiopping due to unforeseen conditions.

GABION - A flexible, woven wire basket composed of two (2) to six (6) rectangular cells filled
with small stones. Gabions may be assembled into many types of structures, such as
reveiments, retaining walls, channel liners, drop structures and groins.

GABION MATTRESS - A thin gabion, usually six (6) or nine (9) inches thick, used to line
channels for erosion control.

GRADE
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a. The slope of a road, channel or natural ground.

b. The finished surface of a canal bed, roadbed, top of embankment or bottom of excavation;
any surface prepared for the support of construction, like paving or laying a conduit.

c. To finish the surface of a canal bed, road bed, top of embankment or bottom of excavation.

HEAD (HYDRAULICS) -
a. The height of water above any plane or reference.
b. The energy, either kinetic or potential, possessed by each weight of a liquid expressed as the

vertical height through which a unit weight would have to fall to release the average energy
possessed. Used in various compound terms such as pressure head, velocity head and head

loss.
HYDRAULIC GRADE LINE - In a closed condult, a line joining the elevations to which water

could stand in risers or vertical pipes connected to the conduit at their lower end and open at
their upper end. In open channel flow, the hydraulic grade lien is the free water surface.

HYDRAULIC GRADIENT - The slope of the hydraulic grade line. The slope of the free surface
of water flowing in an open channel.

HYDRAULIC JUMP - The sudden turbulent rise in water level from a flow stage below critical
depth to flow stage above critical depth, during which the velocity passes from super critical to

subcritical.

HYDRAULIC RADIUS - The cross-sectional area of a channel divided by its wetted perimeter.
The "r" in Manning's Formula.

HYDROGRAPH - A graph showing variation in stage (depth) or discharge of a stream of water
over a penod of time.

HYDROSEEDER - A machine designed to apply seed, fertilizer, lime and short fiber wood or
paper mulch to the soil surface

HYDROSEEDING - Seeding with a hydroseeder.

INLET (HYDRAULICS) -

a. A surface connection to a closed drain.

b. A structure at the entrance end of a conduit.

¢. The upstream end of any structure through which water may flow.

IN-CHANNEL DETENTION - Detention accomplished by channel storage or on-stream storage,
as opposed to off stream or upland detention (see the Drainage Criteria Manual).
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INSTALLED TREE - A tree which is planted on a site after development occurs.

INTERCEPTOR DRAIN - A surface or subsurface drain or a combination of designéd and
installed to intercept flowing water.

IRRIGATION - Providing water to plants in an amount and frequency adequate to sustain
growth of the plants on a permanent basis.

LANDSCAPE AREA - Any area within the boundaries of a given lot which is devoted to and
consists of living plant material and other landscape material, including but not limited to grass,
trees, shrubs, flowers, vines, groundcover, native plant materials, existing native vegetation
areas, planters, brick, stone, natural forms, water forms and other landscape features, but not
inctuding the use of smooth concrete, asphalt or aggregate Provided, however that the use of
nonliving landscape materials shall not predominate over the use of organic living plant material
within any single landscape area.

LANDSCAPE ISLAND - A landscape area completsly surrcunded by a parking area andfor a
vehicular use area.

LANDSCAPE MEDIAN - A linear landscape area between two (2) rows of parking, between two
(2) drives or between a row of parking and a drive.

LIME - Basic calcareous materials used to raise pH of acid soils for benefit of plants being
grown. May be either ground limestone or hydrated lime.

LIMITS OF CONSTRUCTION - The outer limits of the area which will be disturbed by a
proposed development activity including the area of all proposed cuts, fills, regrading,
structures, anciliary facilities, temporary utilities, temporary or permanent spoil storage areas,
access roads, storage areas, staging areas and any other activities or facilities which may
cause temporary or permanent loss or damage of vegetation or disruption of the soil surface.

LINEAR DEVELOPMENT - Development which is typically not confined to one site and is linear
in nature such as a utility or waterway alteration project.

MULCH - Covering on surface of soil to protect and enhance certain characteristics, such as
water retention qualities.

NATIVE PLANTS - Plants native to the Austin area or adjacent areas of the Edwards Plateau,
which are compatible with environmental conditions of a site or portions of a site. The standard

reference for this criterion shall be the Manual of Vascular Plants of Texas by Correll and
Johnston, published by the University of Texas at Dallas (1970).

NATURAL AREA - Area of a site existing in a natural state.
NATURAL GROUND - Ground surface which has not been disturbed by man.

NATURAL GROUND COVER - Any organic material either existing prior to construction or
installed after construction,
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OUTFALL - The point where water flows from a conduit, stream or drain.

OUTLET - The point at which water discharges from such things as a stream, river, lake, tidal
basin, pipe, channel or drainage area.

OUTLET CHANNEL - A waterway constructed or altered primarily to cary water from
manmade structures, such as terraces, subsurface drains, diversions and impoundments,

OVERBANK - The area outside the immediate natural stream channe! or outside the pilot
channel of a new channel which contains the 1% annual chance floodplain.

PERMANENT SEEDING - Results in establishing perennial vegetation which may remain on
the area for many years.

PERMISSIBLE VELOCITY (HYDRAULICS) - The highest average velocity at which water may
be carried safely in a channe! or other conduit The highest velocity that can exist through a
substantial length of a conduit and not cause scour of the channel. Safe, nonerosive or
allowable velocity.

PIPES OR PIPING - Any pipeline system which is used for the transfer of hazardous materials
in connection with an underground storage tank within the confines of 2 facility.

PIPING - Removal of soil material through subsurface flow channels or "pipes” developed by
seepage water.

PLANT MATERIALS - Living plants which are part of an installed landscape.

RETENTION - The amount of precipitation on a drainage area that does not escape as runoff. [t
is the difference between total precipitation and total runoff.

REVEGETATION - The installation of native trees, shrubs, grasses and wildflowers in an area
after its disturbance, along with subsequent maintenance, intended to restore the area fo a

natural state.

REVETMENT - Facing of stone or other materials, either permanent or temporary, placed along
the edge of a stream or shoreline to stabilize the bank and to protect it from the erosive action of

water,

RIPRAP - Broken rock, cobbles or boulders placed on earth surfaces, such as the face of a dam
or the bank of a stream, for protection against the action of water (waves); also applies to brush
or pole mattresses or brush and stone or similar materials used for soil erosion control.

ROUGHNESS COEFFICIENT (HYDRAULICS) - A factor in velocity and discharge formulas
representing the effect of channel roughness on energy losses in flowing water. Manning's "n" is
a commonly used roughness coefficient.

RUNOFF (HYDRAULICS) - That portion of the precipitation on a drainage area that is
discharged from the area in stream channels. Types include surface runoff, ground water runoff

or seepage.
{ Formatted: Left, Tab stops: 1", Left

C-83 s
| Draft — For Review




SEDIMENT - Solid material, both mineral and organic, that is in suspension, is being
transported or has been moved from its site of origin by air, water, gravity or ice and has come
to rest on the earth's surface either above or below sea level.

SEDIMENTATION - Deposition of detached soil particles.

SEDIMENT DISCHARGE (SEDIMENT LOAD)} - The quantity of sediment, measured In dry
weight or by volume, transported through a stream cross section in a given time. Sediment
discharge consists of both suspended load and bedIioad.

SHEET FLOW - Water, usually storm runoff, flowing in a thin layer over the ground surfaces. .

SIDE SLOPES {ENGINEERING) - The slope of the sides of a canal, dam or embankment. It is
customary to name the horizontal distance first, as 1.5:1 meaning a horizonta! distance of 1.5

SILT -

a. (Agronomy} A soil separate consisting of particles between 0.05 and 0.002 millimeter in
equivalent diameter.

b. A soil textural class.

¢. (Engineering) According to the Unified Soil Classification System, a fine grained soil (more
than 50 percent passing the Number 200 sieve) that has a low plasticity index in relation to the
liquid limit.

SOIL

a. (Agronomy) The unconsolidated mineral and organic material on the immediate surface of the
earth that serves as a natural medum for the growth of land plants.

b. (Engineering) Earth and rock particles resuiting from the physical and chemical disintegration
of rocks and may or may not contain organic matter. It includes fine material (silts and clays),
sand and gravel.

SPILLWAY - An open or closed channel or both, used to convey excess water from reservoir. It
may contain gates, either manually or automatically controlled, to regulate the discharge of
excess water,

STABILIZATION - Providing adequate measures, vegetative and/or structural, that will prevent
erosion from occurring.

STABILIZED AREA - An area sufficiently covered by erosion resistant material, such as a good
cover of grass or paving by asphalt, concrete or stone, in order that ercsion of the underlying
soil does not ocour.

STABILIZED GRADE - The slope of a channel at which neither erosion nor deposition ocgurs.
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STILLING BASIN - An open structure or excavation at the foot of an overfall, conduit, chute,
drop or spillway to reduce the energy of the descending stream of water.

TEMPORARY SEEDING - A seeding which is made to provide temporary cover from the soil
while waiting for further construction or other activity to take place.

TIME OF CONCENTRATION - Time required for water to flow from the most remote point of a
watershed in a hydraulic sense to the outlet.

TOE (OF SLOPE) - Where the slope stops or levels out. The bottormn of the slope.

TOPSOIL - The topsoil shall be composed of 4 parts of soil mixed with 1 part compost, by
volume. The compost shall meet the definition of compost as defined by TxDOT Specification
ltem 161. The soil shall be locally available native soii that meets the following specifications:
Shall be free of trash, weeds, deleterious materials, rocks, and debris.

100% shall pass through a 1.5-inch (38-mm) screen.

Sail to be a loamy material that meets the requirements of the table below in accordance with

the USDA textural triangle. Soil known locally as “red death” is not allowable soil. Textural
composition shall meet the following criteria

Textural Clags Minimum Maximum
Clay 5% 50%
Silt 10% 50%
Sand 15% 67%

TREE REMOVAL - The uprooting or sevening of the main trunk of a tree or any act which
causes or may reasonably be expected to cause a tree to die, including, but not limited to,
damage inflicted upon the root system by machinery, storage of materials or soil compaction:
substantially changing the natural grade above the root system or around the trunk; excessive
pruning or paving with concrete, asphait or other impervious materials in a manner which may
reasonably be expacted to kill a tree.

WINTERKILL - Killed by low temperatures during winter months.

WOOD FIBER - A short fiber mulch material, usually applied with a hydroseeder in an aqueous
mixture.

XERISCAPE - A method of landscaping using certain principles of design and Installation which
conserve water and energy.
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